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INTRODUCTION

In this work an attempt was made to synthesize a species
containing two benzocyclobutenyl groups in one molecule.

It

would be of interest to compare the properties and reactivity
of such a compound and its percursors with those of benzocyclobutene itself, and its precursors.

A number of substituted

benzocyclobutenes have been reported in the literature, in
cluding benzo [1,2:4,5'] dicyclobutene with two fused fourmembered r i n g s . N o

compound has been reported, however,

with two benzocyclobutenyl groups in one molecule.
The compounds 2 , 2 1 ,3,31-tetramethylbiphenyl and 3,3',4,4’tetramethylbiphenyl were used as starting materials.

The

synthetic routes explored were as follows:
(1)

Conversion of the tetramethylbiphenyl compounds
to

CL -bromo-compounds, followed by reaction

with sodium iodide.
(2)

Reaction of the

CL-bromo-compound with sodium

sulfide followed by peracetic acid oxidation
of the resulting sulfide to yield a sulfone ,1
which was pyrolyzed.
The

CL-bromo-compounds of 2,2',3,31-tetramethylbiphenyl
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were found to contain magnetically non-equivalent methylene protons
as shown by their nuclear magnetic resonance spectra.

A study of

the effect of raising of the temperature of solutions of these
compounds was carried out.
Some exploratory work was also performed with the 3,3',4,4'benzophenonetetracarboxylic dianhydride system, with the idea of
the conversion of a derivative to a bisbenzocyclobutenyl system.

Benzocyclobutene

Benzo [1,2:4,5] dicyclobutene

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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LITERATURE SURVEY

Early attempts by P e r k i n ^ ^

to synthesize benzocyclobutene

(I), along with indane (II) and tetralin (III) its homologues,
were unsuccessful.

5
4
III

II

I

In later work the formation of intermediates which could con
ceivably give benzocyclobutene (I) as a product instead resulted
in other products.

The reaction of GL , CL '-dibromo-o-xylene

(IV) with sodium at high dilution as carried out by Cope and
Fenton^^

gave 30 per cent of 1,2,5,6-dibenzocyclooctadiene (V)

Cl^Br
Na
CH2Br
IV

<
V

Attempts to form the Grignard reagent of o^(methoxymethyl)
benzyl chloride (VI) by Mann and S t e w a r t ^ ^ were unsuccessful.
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Instead, a polymer was the only product, formed from what was
probably an orthoquinodimethane intermediate (VII).

C

CHj,- Cl*-'Mg

'ch2 -^och 3

VI

VII

Polymer

The first successful preparation of benzocyclobutene (I) was
reported by Cava and N a p i e r ^ ^

in 1956 by the hydrogenolysis of

1,2-diiodobenzocyclobutene (VIII).

■I

Hr

•I

Pd/C

VIII

I

It had been reported by Finkelstein^'^ in 1910 and confirmed by
Cava and Napier(12) that CL, CL , CL 1, CL '-tetrabromo-o-xylene (X)
when treated with sodium iodide in ethanol for several days
yielded a mixture of 1,2-diiodobenzocyclobutene (VIII) and 1,2dibromobenzocyclobutene (IX).
CHBr,

Nal
VIII

+

CHBr,
X

IX
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The halogenated derivatives 1,2-diiodobenz0cyclobutene (VIII)
and 1,2-dibromobenzocyclobutene (IX) were obtained pure only with
difficulty because of their similarity in properties.

A number

of chromatographic runs followed by a number of distillations
were necessary to afford complete separation.

It was found

that the reaction of sodium iodide with 1 ,2 -dibromobenzocyclobutene
(IX) in ethanol yielded 1,2-diiodobenzocyclobutene (VIII) which
decomposed with the liberation of iodine on standing in solution
exposed to light.
Further investigation by Cava and coworkers

(6

' showed, h o w 

ever, that if dimethylformamide was used as the solvent in the
reaction in place of ethanol, then 1 ,2 -dibromobenzocyclobutene
(IX) was obtained exclusively in 65% yield, and the reaction time
was reduced to about six hours.

It was also shown that the

formation of 1,2-dibromobenzocyclobutene (IX) proceeded through
an orthoquinodimethane type intermediate (XI) which could be
trapped with dienophiles, such as N-phenylmaleimide (XII), to
give Diels-Alder adducts, such as N-phenyl-2,3-naphthalenedicarboximide (XIII).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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IX
CHBr
n

CHBr

CHBr J
0

( f y ^
0

-2HBr

XII-

XIII

The application of the method of Cava and Napier

' to

CL , CL , CL '5 & 1-tetrabromo-4-bromo-o-xylene (XlV)by Tanida and
Muneyuki^"^) gave l,2-diiodo-4-bromobenzocyclobutene (XV) which
was converted by hydrogenolysis to 4-bromobenzocyclobutene (XVI),

CHBr
Nal

>

CHBr

Br
XIV

Br
XV

XVI

A second general method for the synthesis of benzocyclobutene
(I) and its derivatives was investigated by Cava and Deana,

(4)

This method consists of a reverse Diels-Alder reaction involving
the pyrolysis of a sulfone.

This reaction is analogous to the

well-known reversible reaction between 1,3-bubadiene (XVII) and

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

sulfur dioxide to give 2,5-dihydrothiophene-l,1-dioxide (XVIII).

+ S0 2

<

XVII

■

—

0

so2
XVIII

The reaction of CL » CL 1-dibromo-o-xylene (IV) with sodium sulfide
to give 1,3-dihydroisothianaphthene (1,3-dihydrobenzo [c]thiophene)
(XIX), followed by peracetic acid oxidation to 1,3-dihydroisothianaphthene-2,2 -dioxide (XX) yielded a sulfone which, when
pyrolyzed, was shown to form an orthoquinodimethane intermediate
(XXI).

This intermediate was trapped with N-phenylmaleimide

(XII) to give the Diels-Alder adduct N-phenyl-l,4-dihydronaphthalene-2,3-dicarboximide (XXII).

When 1,3-dihydroisothianaphthene-

2,2-dioxide (XX)-was pyrolyzed in the molten state, 13 per cent
of benzocyclobutene (I) was found in the distillate, along with
3 per cent of £-xylene (XXIII), which indicated that the inter
mediate XXI must contain some diradical character such as XXI a.
The intermediate XXI also reacted intermolecularly to form 4 per
cent of 1,2,5,6-dibenzocyclooctadiene (XXIV), which was found in
the residue after pyrolysis.
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CH^CO^H

Na2S
IV

^

■>

SO.

XX

XIX

—

a

XXIa

XXI

2 *

XXIII

XXIV

o

o

>

XXII

A s a result of the pyrolysis of l,3-dihydroisothianaphthene-2,2dioxide (XX) in diethyl phthalate solution at 300°, no benzo
cyclobutene (I) was obtained, and the yield of 1 ,2 ,5,6 -dibenzocyclooctadiene (XXIV) was raised to 48 per cent.

Pyrolysis of

1,3-dihydroisothianaphthene-2,2-dioxide (XX) in the gas phase at
500-600° yielded 59-63 per cent yields of benzocyclobutene (I).
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It was suggested by Cava that the higher energy species

XXIa

reacted intramolecularly to form benzocyclobutene (I), whereas
species XXI reacted intermolecularly to form 1,2,5, 6 -dibenzocyclooctadiene (XXIV); hence the pyrolysis of 1,3-dihydroisothianaphthene-2,2-dicicide (XX) in solution yielded the product of
intermolecular reaction, from the lower energy intermediate,
while pyrolysis at higher temperature in the gas phase favored
the formation of the higher energy species, XXIa; consequently the
intramolecular reaction product was formed.

Further evidence for

this argument was found in the synthesis of naphtho[b]cyclobutene
(XXVIII).The

reaction of 2,3-bis(bromomethyl)naphthalene

(XXV) as above with sodium sulfide, then peracetic acid, yielded
the sulfone 1,3-dihydronaphtho

[2,3-c 1 thiophene-2,2-dioxide

(XXVI), which on pyrolysis in diethyl phthalate solution yielded
60 per cent of naphtho[bIcyclobutene (XXVIII).

Again an

orthoquinodimethane intermediate XXVII was formed and trapped
with N-phenylmaleimide (XII) to give N-phenyl-1,2,3,4-tetrahydrocis-2,3-anthracenedicarboximide (XXIX).

A
XXV

XXVI

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

>

XXVIla

XXVII

XXIX

XXVIII

The suggestion was put forth that the quinoid intermediate species
(XXVII)

is a higher energy form relative to XXVIIa, than the inter

mediate species XXI is to XXIa.

The intermediate from the

pyrolysis of 1 33-dihydroisothianaphthene-2,2-dioxide (XX) is
therefore stabilized more by its quinoid form XXI than the inter
mediate from the pyrolysis of 1,3-dihydronaphtho { 2,3-cIthiophene2,2-dioxide (XXVI) is stabilized by its quinoid form XXVII.

The

higher energy intermediate XXVIIa then reacted intramolecularly
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to form naphtho[b]cyclobutene under conditions in which the
intermediate

XXI reacted intermolecularly to form 1,2,5, 6 -

dibenzocyclooctadiene (XXIV).
Further support of this conclusion was found in the synthesis
of naphtho fa ]eyelobutene (XXXIII) .

As above, the reaction

of l,2-bis(bromomethyl)naphthalene (XXX) with sodium sulfide, then
peracetic acid, yielded 1 ,3-dihydronaphtho(1 ,2 ,-c]thiophene- 2 ,2 dioxide (XXXI), which on pyrolysis in diethyl phthalate solution
gave no naphtho[a]cyclobutene (XXXIII) and no dimer.

Pyrolysis of

1 3 -dihy dr onaph tho [1,2-c Ithiophene-2,2-dioxide (XXXI) in the gas
phase at 500° yielded 51 per cent of naphtho[ajcyclobutene
(XXXIII).

Again an orthoquinodimethane type intermediate (XXXII)

was trapped with N-phenylmaleimide (XII) to give N-phenyl-1,2,3,4tetrahydro-cis-2,3-phenanthrenedicarboximide (XXXIV).

SO

CHoBr
C H 2Br

-l ) Na2S

2) CH 3 CO 3 H
XXX

XXXI
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n
r'A

XII

0

XXXIII

O

C

A
0

XXXIV

The partially benzenoid intermediate XXXII is likely a lower energy
species than intermediate XXVII, and did not react intramolecularly
in diethyl phthalate solution.
A comparison of the relative reactivities of naphthofaJcyclobutene (XXXIII) and naphtho[b]cyclobutene (XXVIII) with maleic
anhydride (XXXV) showed that the quinoid intermediate XXVII
required more energy in its formation from naphtho[b]cyclobutene
(XXVIII) than did the quinoid intermediate XXXII in its formation
from naphtho[a ]cyclobutene (XXXIII).

200° 1

XXXIII

XXXVI
XXXII

53%
XXXV
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XXVIII

2 0 0 ° 1 hr. ^

>

XXXVII

0

//
XXVII
o

8

XXXV
0

o

XXXV
0

XXXVII

Under the same reaction conditions, the Diels-Alder adduct from
naphtho[ bJcyclobutene (XXVIII), 1,2,3,4-tetrahydroanthracene-2,3dicarboxylic anhydride (XXXVII), was formed in only 2 per cent
yield, while l,2,3,4-tetrahydrophenanthrene-2,3-dicarboxylic
anhydride (XXXVI) from naphtho[a)cyclobutene (XXXIII) was formed
in 53 per cent yield.

The yields of both adducts became

comparable upon raising the temperature of the reaction mixture
of naphtho[b]cyclobutene (XXVIII) to 250°.

It was concluded that

the intermediate XXVII was most likely a higher energy species
than the intermediate XXXII.
Benzo [ 1,2:4,5 ] dicyclobutene (XLI), a compound with two
fused four-membered rings, has also been prepared by Cava and
coworkers.Durene

(1,2,4,5-tetramethylbenzene)

(XXXVIII) was

brominated with N-bromosuccinimide to yield 1,2,4,5-tetrakis
(bromomethyl) benzene (XXXIX), which was then reacted with sodium
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sulfide, then peracetic acid, to give 1,3,5,7-tetrahydro
[l,2-c:4,5-c]dithiophene-2,2,6,6-tetroxide (XL).

Pyrolysis in

the gas phase at 600° yielded 40 per cent of benzo [1,2:4,5]
dicyclobutene (XLI).

HoC

h

3c

ch3
ch3

—

BrH2C

C H 9Br

NBS
■>
CGI
4
BrH2C

1) Na2S
■>

CH 2Br

2 > CH3C 0 3H

XXXIX

XXXVIII

A
■>
XL

XLI

A case in which the pyrolysis of a sulfone failed to give
the desired product was observed in the pyrolysis of 1,3-diphenyll,3-dihydroisothianaphthene-2,2-dioxide (XLII).

The product

obtained was not the expected 1 ,2 -diphenylbenzocyclobutene
(XLIV), but 9-phenyl-9,10-dihydroanthracene (XLV).
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XLII

XLIII

XLVI
XLIV

XLVI I
The orthoquinodimethane type intermediate XLIII was trapped with
1,4-naphthoquinone (XLVI) to give an intermediate Diels-Alder
adduct which spontaneously aromatized to form 6,10-diphenyl-5,12•
»

naphthacenequinone (XLVII).

Apparently 1,2-diphenylbenzocyclobu-

tene (XLIV) is too unstable to be formed from the pyrolysis
intermediate.
The reaction of CL , Ct '-dibromo-CL , CL '-biphenyl-o-xylene
(XLVIII) with sodium iodide, however, did yield 1,2-diphenylbenzocyclobutene (XLIV) as found by Jensen and Coleman.

(33)

It was

further found that heating of 1 ,2-diphenylbenzocyclobutene (XLIV)
caused the transformation of the compound into 9-phenyl-9,10dihydroanthracene (XLV), presumably through the formation of the
quinoid intermediate XLIII.

Also, the reaction of 1,2-diphenyl-

benzocyclobutene (XLIV) with sulfur dioxide resulted in the
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formation of 1 ,3-diphenyl-l,3 -dihydroisothianaphthene- 2 ,2 -dioxide
(XLII), which when heated gave 9-phenyl-9,10-dihydroanthracene
(XLV).

Heating of 1,2-diphenylbenzocyclobutene (XLIV) with maleic

anhydride (XXXV) yielded l,4-diphenyl-l,2,3,4-tetrahydronaphthalene-2,3-dicarboxylic anhydride (XLIX).

CH
>

XLIV
CHC p
XLIII
SO

XLII
//

XLV

XXXV

XLIX

It has also been shown by Cava and coworkers

(8 )

that an

orthoquinodimethane type intermediate LII resulted from a 1,4dehydrohalogenation from adjacent benzylic positions by the use
of potassium tert-butoxide.

A multiple-step synthesis starting

with 2-benzyl-3-carboxynaphthalene (L) yielded 2-benzyl-3-
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( CL-chlorobenzyl)naphthalene (LI), which reacted with potassium
tert> butoxide to give 1,2-diphenylnaphtho[ b ]cyclobutene (LIII)„

H*-OBu

©

^ p
CHC

■>

COOH

</>

CHi
LIII

LIT

It has also been suggested by Cava and Muth

(11) that

the reaction

of CL , Cl , CL ', CL '-tetrabromo-o-xylene (X) with potassium tertbutoxide yielded an orthoquinodimethane type intermediate LIV
which did not react intramolecularly to form 1 ,1 ,2 -tribromobenzocyclobutene (LV), but dimerized to a species LVI which reacted
further with potassium tert-butoxide.

H<~NOBu
A

0

CBr,
^
CHBr

X

A

Br

Br Br

Br

LIV

Y

CBr2

CHBr

Br
■Br
•Br

< —

LV
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A novel 1,4-elimination from adjacent benzylic positions to
give a substituted orthoquinodimethane type intermediate LVIII
has been reported by Hart et a l .

(28^
'

This thermal elimination

of hydrogen chloride, however, occurs only in greatly crowded
molecules such as trichloromethylpentamethylbenzene (LVII)
and trichloromethylmesitylene (LX) and is not generally
applicable.

It has been suggested that

the substituted

benzocyclobutene^, 1 ,1 -dichlorotetramethylbenzocyclobutene
(LIX) and l,l-dichloro-4,6-dimethylbenzocyclobutene (LXI), are
more stable than their precursors despite ring strain because
of relief from steric crowding in the respective substituted
benzenes.
Cl

;
cci2n

110 (

H

H
LVIII

LVII

LIX
Cl

CC 1
170°

LX

Cl

>
LX

A new synthesis of benzocyclobutene (I) reported by ter
Borg and Bickel

(55)

resulted from the thermolysis of the reaction

product LXIII of cycloheptatriene (LXII) and dichlorocarbene.
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Cl2

+ NaOCH 3
33°

6

140°
c 6 h 5c 2h 5

LXIII

LXII

Cl

O

Benzocyclobutene systems have also been formed in photolysis
reactions„
Horner et a l . h a v e

synthesized 1-carboxybenzocyclobutene

(LXV) from 2-diazo-l-indanone (LXIV) by photolysis.

0

LXV

LXIV
Cava and Mangold

have prepared trans- 1 ,2 -diphenylphenanthro[l]

cyclobutene (LVII) by photolysis of dihydrophencyclone (LVI).
On heating trans- 1 ,2-diphenylphenanthro[l]cyclobutene (LVII) a
quantitative yield of 9-phenyl-9,l4~dihydrodibenz[a,c)anthracene
(LVIII) was obtained.

Heating of trans- 1 ,2-diphenylphenanthro

[l]cyclobutene (LVII) with sulfur dioxide gave 1,3-diphenyl-l,3dihydrophenanthro[9,10-c]thiophene-2,2-dioxide (LIX).
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<£ 150°

LVII
LVI

SO

LIX
LVIII

The application of the above methods to a large number of
syntheses has resulted in the preparation of a great many
derivatives of benzocyclobutene (I).

The reactions involved in

the formation of the benzocyclobutene system itself, however,
remain as outlined above.

Although biphenylene (LX) may be

considered to be a derivative of benzocyclobutene (I), the
(

m e t h o d s l e a d i n g

to its formation are not applicable to

the synthesis of benzocyclobutene (I) or its derivatives.

LX
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DISCUSSION

The methods of Cava and coworkers involving the pyrolysis
of a s u l f o n e ^ 5^ 5^ 5

or the 1,4-elimination from adjacent

tetrabromo-substituted benzylic p o s i t i o n s ^ a p p e a r e d

to be

among the most promising synthetic approaches to a compound
containing two benzocyclobutenyl groups.
The first system which suggested itself as a possible starting
point in the synthesis of a bisbenzocyclobutenyl compound was
3 , 3 1 ,4,4'-benzophenonetetracarboxylic dianhydride (LXI), which
contained two phenyl groups with ortho-substituted carbon atoms.
Reduction of the anhydride groups would give a system which could
be brominated to yield the desired intermediates.

To avoid side

reactions involving the ketone carbonyl group, which would
also be affected by the reagents used to form the side chain
structures, it was considered necessary to block this group in
some way,,

The formation of a ketal which could later be

hydrolyzed to regenerate the ketone was studied.
0

0
0

11
0

CHoOH

►— c
ClSOnH
LXI
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h 3 co2c

co 2 ch 3

h 3 co2c

co 2 ch 3

o 2ch

7T

C0 2 CH 3

P-TsOH
LXI I
c h 2o h

h o h 2c

LiAIH
h o h 2c

CHoOH
co 2 ch 3
CO~CH

LXIV
CH2Br

BrH2C
BrH2C

LXI 11

H Br
CHBr

Br2HC

CHBr

B r 2HC
LXV I

The brominated compound 3,3',4'4'-tetrakis(bromomethyl)benzophenone (LXV), could be reacted with sodium sulfide, then
peracetic acid to yield a sulfone, which on prolysis could
give 4 , 4 1-bisbenzocyclobutenyl ketone (LXVIII).

3,3',4,4'-

tetrakis(dibromomethyl)benzophenone (LXVI) could be reacted
with sodium iodide to give 4,4'-bis(1 ,2 -dibromobenzocyclobutenyl)
ketone (LXIX).
1 ) Na2S

SO

LXV
2) CH3C 0 3I

c—
LXV 11

LXVIII
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Br
Nal
LXV I

>

Br
Br

B:

LXIX
The 3 3 ',4 ,4 '-tetrasubstituted benzophenone system was abandoned
after attempts at the formation of a ketal of 3,3' ,4,4 '-tetrakiscarbomethoxybenzophenone (LXII) were unsuccessful.

It has

been found previously that benzophenone itself was relatively
unreactive to formation of an ethylene ketal in the ^-toluenesulfonic acid catalyzed reaction with ethylene glycol, the
water being azeotropically distilled with benzene.,

A reaction

time of five hours was required for ketal formation, compared
to reaction times of about an hour for aliphatic ketones.

The

bulky phenyl groups attached to the ketone carbonyl hinder the
formation of the ketal.

The failure of 3,3'4,4'-tetrakiscarbo-

methoxybenzophenone (LXII) to form a ketal may be attributed
to the effect of the substituted ester groups.

An examination

of a Fischer model of the compound showed that there is no more
steric hindrance to ketal formation in 3,3 ',4,4 1-tetrakiscarbomethoxybenzophenone (LXII) than in benzophenone itself; the
ester groups are relatively far removed from the ketone carbonyl
reaction site.

It has been found by Pratt and M a t s u d a ^ ^
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that the basicity of the carbonyl group in substituted
acetophenones depends upon the electron releasing power of
the para-substitutent of the phenyl group, that is, the greater
the electron releasing power of the para-substituent, for
example “NH 2 , the more basic is the ketone carbonyl.

The

substitution of four electron withdrawing carbomethoxy groups
on the phenyl rings of benzophenone would decrease the basicity
of the ketone carbonyl, that is, make the contribution of the
polar form

C-0

to the carbonyl hybrid structure less important.

In addition, the presence of four ester carbonyl groups in the
molecule may affect the attack of the acid catalyst on the
ketone carbonyl by reacting themselves with the catalyst,
causing an even greater decrease in the basicity of the ketone
carbonyl.

h 3 co2c
h 3co2c

For example:
co 2 ch 3
COCH

C0 2 C H 3
h 3 co2o
h 3 co2c

n

,= COCHo
1
I
O
OH
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This electrical effect, coupled with the usual relative un
reactivity of benzophenone due to the steric effect of the
neighboring phenyl groups, could make the acid-catalyzed
ketal formation in 3,3*4,41-tetrakiscarbomethoxybenzophenone
(LXII) very difficult.
Ketal formation may be possible through reaction of the
dichloro-intermedia te formed from reaction of the ketone with
phosphorus pentachloride.

The diethyl ketals of benzophenone

and 4 - n i t r o b e n z o p h e n o n e ^ ^ have been synthesized in this manner.
The only products obtained with this procedure with 3,3',4,4*tetrakiscarbomethoxybenzophenone (LXII), however, were viscous
oils from which no satisfactory product could be obtained.
It had been found in the latter part of the nineteenth
century that benzophenone would not react with ethyl orthoformate to form a ketal,

(18 ^

nor would benzophenone chloride

(dichlorodiphenylmethane) react with diethyl malonate in
alcoholic sodium ethoxide to yield a condensation product.
3,3',4,41-Tetrakiscarbomethoxybenzophenone (LXII) also did not
undergo these reactions.

Steric effects are likely the cause

of this unreactivity.
In other reactions with 3,3',4,4 1-tetrakiscarbomethoxybenzophenone (LXII), the sodium borohydride reduction of
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3,3 1 ,4,4’-tetrakiscarbomethoxybenzophenone (LXII) yielded
3 }3 1 }4 }4 '-tetrakiscarbomethoxybenzhydrol

(LXX) , ■while the

lithium aluminum hydride reduction yielded 3,3',4,4'-tetrakis(hydroxymethyl)benzhydrol (LXXI)„
The 3,3 1 ,4,4'-tetrasubstituted systems were difficult to
work with in selective reactions because of the large number
of functional groups and high molecular weight.

In many of

the reactions the products obtained were viscous oils which
did not lend themselves to purification.

OH
COoCH
LiAlH,

LXX

OH
HOHoC

f-C
H
LXXI

The second system which was investigated, which is more
interesting than the benzophenone system from the standpoint of
direct conjugation of the phenyl rings, was the tetramethylbiphenyl system.

Either of the isomers 2,2',3,3'-tetramethyl-
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biphenyl (LXXVII) or 3,3',4,4'-tetramethylbiphenyl (LXXIV)
could lead to the desired intermediates for the formation
of a

bibenzocyclobutene,

CH-:
CH,
CH

.CH

Cu
HNO

XXIII

I

3

^CH
LXXIII
CH-

) HNO
ch 3

ch3

2) KI
LXXIV

CH

CH
LXXI I
CH

CH

CH

Cu

1 ) hno 2

2) KI

NH
LXXV

LXXVI

LXXVII

Although the iodination of o-xylene (XXIII) is reported
to proceed in 657o yield with the use of iodine and nitric
acid,^-*-) yields of only 10-29% were obtained when large scale
experiments (ca. one mole of iodine) were carried out.

This

procedure appears to be unsuitable for the preparation of large
amounts of 3 ,4-dimethyliodobenzene (LXXIII) because of the
time required for complete reaction of the iodine used.

The

method is convenient, however, for the preparation of small
amounts of the iodinated product.
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The preparation of 3 ,4-dimethyliodobenzene (LXXIII) pro
ceeded in good yield (77%) from the reaction of potassium
iodide with diazotized 3 ,4-dimethylaniline (LXXII).^^

The

preparation of 2,3-dimethyliodobenzene (LXXVI) by the same
method proceeded in much lower yield (35% ) than did the 3,4isomer.

The attack of the large iodide ion on the diazonium

salt formed from 2,3-dimethylaniline (LXXV) may be hindered
by the 2 -methyl group, resulting in the formation of larger
amounts of side products

(e.g., 2 ,3-dimethylphenol) than

occurred with the unhindered 3 ,4-diazonium salt.
Both 2,3-(LXXVI) and 3 ,4-dimethyliodobenzene (LXXIII)
were found to be difficult to couple in an Ullmann reaction.
The successful procedure finally used employed conditions
somewhat more stringent than those cited in the literature,
that is, heating of the aryl iodides at about 300° for
approximately five hours (Lit.: 2 , 3 - d i m e thyliodobenzene^ ^
heated at 150° with copper powder for 40 hours; 3 ,4-dimethylio
dobenzene

heated at 268° with copper powder for 25 minutes).

The yield of 2,2',3,3'-tetramethylbiphenyl (LXXVII) (42%)
was comparable to that reported in the literature ( 5 3 % ) ^ ^
while the yield of 3,3'4,4’-tetramethylbiphenyl (LXXIV) (56%)
was considerably better than that reported in the literature
(27%).^^

Reaction of the aryl iodides at lower temperature
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in dimethylformamide solution with activated copper powder

(38)

(3 7 %
was unsuccessful, and the use of activated copper powder

7

and the iodo-compound with no solvent did not appear to be
more advantageous than the use of unactivated copper powder,,
It was proposed that 2,2',3,3'-(LXXVII) and 3 , 3 ?,4,4'tetramethylbiphenyl (LXXIV) could be brominated to the desired
intermediates, 2,2',3,3 1-tetrakis(bromomethyl)biphenyl (LXXVIII),
2,2',3,3'-tetrakis(dibromomethyl)biphenyl (LXXIX), 3,3',4,4?tetrakis(bromomethyl)biphenyl (LXXX), and 3 , 3 ’,4,4'-tetrakis
(dibromomethyl)biphenyl (LXXXI)„

CH2Br

CH2Br

4NBS
LXXVII
(<£ co 2 )2
"

CH2Br

8 NBS

LXXVIII
CHBr 2

CHBr 2

LXXIX
LXXX
LXXIV

CHBr

CHBr
LXXXI
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The brominations of 2,2,'3,3'-(LXXVII) and 3,3',4,4'tetramethylbiphenyl (LXXIV) were successful only when carried
out with N-bromosuccinimide.

The use of bromine and ultra

violet light yielded only dark viscous oils.
shown by Reid and Bodem

(49)

It has been

that attempts at poly-, side-

chain bromination with bromine gave much poorer yields than
bromination with N-bromosuccinimide, and further shown by
J o n e s t h a t
occur.

nuclear as well as allylic bromination may

The free radical bromination of a number of side

chains could result in a mixture of differently brominated
compounds, as well as the desired product.

Of the above

brominated compounds, 3 , 3 1 ,4,4 1-tetrakis(bromomethyl)biphenyl
(LXXX) was obtained in 32% yield; 3,3',4,4'-tetrakis(dibromomethyl)biphenyl (LXXVIII) was obtained in 42% yield.

These

yields compare favorably with those obtained for 1 ,2,4,5tetrakis(bromomethyl)benzene ( X X X I X ) , (25%) with N-bromo
succinimide,

(3%) with bromine; 2,3-bis(bromomethyl)naphthalene,

(517o) with N-bromosuccinimide;^^) 2,3-bis(dibromomethyl)
naphthalene,

(47%) with N-bromosuccinimide.

(34)

The compound 2,2',3,3'-tetrakis(dibromomethyl)biphenyl
(LXXIX) could not be prepared.

All attempts at the preparation

of this compound with molar ratios from 7:1 to 13:1 of
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N-bromosuccinimide:

2,2',3,3'-tetramethylbiphenyl (LXXVII)

yielded the same product in which only six bromine atoms
were substituted.

The structure assigned to this compound is

2 ,2 '-bis(bromomethyl)-3,3'-bis(dibromomethyl)biphenyl

(LXXXII).

As can be shown from a Fischer model,

the 2,2'-

positions of 2 , 2 1 ,3,3'-tetramethylbiphenyl (LXXVII) are
sterically hindered not only by the neighboring 3,3'-methyl
groups, but also by the 1 ,1 '-phenyl groups because the two
rings are not coplanar as a result of interaction between
the 2 , 2 '-methyl groups and the 6 ,6 1-hydrogen atoms.

A model

of 2,2',3,3'-tetrakis(bromomethyl)biphenyl (LXXVIII) shows an
even greater steric interaction between the 2 ,2 '-bromomethyl
groups and the 6 ,6 '-hydrogen atoms, causing a greater shielding
effect of the 2 ,2 '-positions by the adjacent phenyl groups.
The bulkier bromomethyl groups in the 3,3'-positions also
block the 2,2'-positions to a greater extent.

Only the

relatively unhindered 3,3'-bromomethyl groups can react
further with N-bromosuccinimide to form dibromomethyl groups,
while the 2 ,2 '-bromomethyl groups are unreactive to further
bromine substitution with N-bromosuccinimide.

That the two

phenyl rings are not coplanar, and rotation about the
phenyl-phenyl bond is hindered is proved by the fact that
the 2 ,2 '-methylene protons in both 2 ,2 ',3,3'-tetrakis
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(bromomethyl)biphenyl (LXXVIII) and 2,2'-bis(bromomethyl)3,3'-bis(dibromomethyl)biphenyl (LXXXII) are magnetically
non-equivalent as shown by the nuclear magnetic resonance
spectra of these compounds.

The 2 , 2 1-methylene protons can

be magnetically non-equivalent only if the rings are not
coplanar and rotating very slowly or not at all, as dis
cussed in the section devoted to the nuclear magnetic resonance
spectra of the tetrasubstituted biphenyl compounds.

CH2Br

CHBr 2

LXXVII

CHBr 2

CH2Br
LXXXII

An analogous case, in which the bromination of a hindered
benzylic methyl group yielded only one substituted bromine
atom, is in the compound l-bromo- 2 ,3-dimethylnaphthalene
(LXXXIII).

(34)

Bromination of l-bromo-2,3-dimethylnaphthalene

with a 5:1 bromine:bromodimethylnaphthalene molar ratio
yielded 31 per cent of l-bromo-2-bromomethyl-3-dibromomethylnaphthalene (LXXXIV) and no l-bromo-2,3-bis(dibromomethyl)
naphthalene (LXXXV).

Bromination of l-bromo-2,3-dimethyl

naphthalene (LXXXIII) with a 4:1 N-bromosuccinimide:bromodimethylnaphthalene molar ratio, benzoyl peroxide initiator,
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gave a 42 per cent yield of l-bromo-2-bromomethyl-3-dibromomethylnaphthalene (LXXXIV).

The 2-methyl position was hindered

to bromination by more than one bromine atom by the bulky
groups in the 1- and 3- positions.

No nuclear magnetic

resonance spectrum of this compound was reported.
Br

CHBr
LXXXIV
B,r
CHBr

LXXXIII

CHBr
LXXXV
Although the brominated compounds 3,3',4,4'-tetrakis(bromomethyl)
biphenyl (LXXX), 3,3',4,4'-tetrakis(dibromomethyl)biphenyl
(LXXXI), and 2 , 2 '-bis(bromomethyl)-3,3 '-bis(dibromomethyl)biphenyl (LXXXII) reacted with sodium iodide in dimethylformamide with the liberation of iodine, the only products
obtained were amorphous powders.

The attack of the iodide

ion on these compounds causing 1,4-elimination from adjacent
benzylic positions could result in the formation of inter
mediates which would be quite susceptible to polymerization.
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Nal

W _ / /
LXXX

LXXXVI

CHBr

BrHC

IHBr

CHBr 2 N a I ]>IlrHC
LXXXI

CHoBr

- CHBr

LXXVII

CHo

CHBr 2
Nal

CHBr

>
CHBr

LXXXII

CH
LXXXVIII

This polymerization would be analogous to the polymeriza
tion of orthoquinodimethane intermediates from previous
reactions, for example, the polymerization of the product of
o^-(methoxymethyl)benzyl chloride (VI) with magnesium,
noted in page 1 of the Literature Survey.

(41)

as

Also, it has been

found that when CL, CL '-dibromo-o-xylene (IV) was reacted with
zinc in dimethylformamide, the orthoquinodimethane intermediate
which was formed yielded only a polymeric substance.
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Zn
IV

>

DMF

§

8H8

]

n

VII

As further noted in the Literature Survey, Cava and coworkers

(11)

have found that the orthoquinodimethane intermediate from the
reaction of CL , CL , Cl ', CL '-tetrabromo-o-xylene (X) with
potassium tert-butoxide gave no benzocyclobutene derivative,,
but most likely dimerized instead.

The intramolecular reaction

of intermediates LXXXVI, LXXXVII, and LXXXVIII could not
yield dimers because of their bifunctionality, but would
result in polymerization.
The reaction of 3,3',4,4 1-tetrakis(bromomethyl)biphenyl
(LXXX) with zinc dust in ethanol yielded 3 , 3 1 ,4,4'-tetra
methylbiphenyl (LXXIV) as the only identifiable product.

This

result is in agreement with the findings of Alder and F r e m e r y ^ ^
who reacted CL, CL '~dibromo-£-xylene (IV) with zinc dust in
acetic acid and obtained 40 per cent of £-xylene (XXIII), 40
per cent of a polymeric material, and 15 per cent of 2,2'dimethylbibenzyl (XC).
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XC
Since the 1,4-elimination reactions were unproductive,
attention was turned to the synthesis and pyrolysis of a
disulfone,,
The reaction of 3,3',4,4 1-tetrakis(bromomethyl)biphenyl
(LXXX) with sodium sulfide yielded 5 , 5 1-bi(1,3-dihydrobenzo[c]thiophene) (XCI) whereas the reaction of 2,2',3,3'-tetrakis
(bromomethyl)biphenyl (LXXVIII) with sodium sulfide yielded a
product which may be crude 4,4'-bi(l,3-dihydrobenzo[c]thiophene)
(XCI1).,

The solid could not be purified by the same procedure

by which the 5,5'-isomer was purified.

The elemental analysis

and the nuclear magnetic resonance spectrum of the crude
product, after work-up as noted in the Experimental Section,
however, suggest that, it could be impure XCII.

s

C
Na2S
LXXX
c 2h 5oh
XCI
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S

LXXVIII

N a 2,S
c 2 h 5oh
■S
XCII

The peracetic acid oxidation of 5,5 '-bi(l,3-dihydrobenzo [c]thiophene)

(XCI) yielded 5,5'-bi(l,3-dihydrobenzo-

[c]thiophene-2,2-dioxide)

(XCIII).

Pyrolysis of the disulfone

XCIII in the molten state with dienophiles such as N-phenylmaleimide (XII) and 1,4-naphthoquinone (XLVI) yielded the
Diels-Alder adducts 6 ,6 '-bi(N-phenyl-2,3-naphthalenedicarboximide)

(XCIV) and 2,2'-bi(Il,12,15,16-tetrahydronaphtha-

cenequinone)

(XCV) respectively.

Pyrolysis of 5,5'-bi(l,3-

dihydrobenzo[c]thiophene-2,2-dioxide)

(XCIII) alone in the

molten state yielded no 4 , 4 '-bibenzocyclobutene (XCVI), but
only a solid foam of the approximate composition

XCI

c h 3c o 3h

^

C-igH-, /

.

A

o 2S

XCIII
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CH2 *

XCVIIa

XCVII

XII

XCIV
XCVI

XLVI
0

XCV

The reaction of intermediate XCVII is similar to that of
the intermediate VII from the action of zinc dust on Cl , CL 'dibromo-£-xylene (IV) in that the presence of dienophiles
caused the formation of Diels-AIder adducts, but when no
dienophiles were present only a polymeric substance was
formed.
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Under conditions in which 12 per cent of benzocyclobutene
(I) was formed by the pyrolysis of 1 ,3 -dihydroisothianaphthene2,2-dioxide (XX) through the intermediate XXI, only a polymer
was obtained by the pyrolysis of 5 , 5 '-bi(l,3-dihydrobenzo(c]thiophene-2,2-dioxide)

(XCIII) through the intermediate XCVII.

The lower energy species XCVII may contribute to the hybrid
structure of the intermediate from the pyrolysis of 5,5'-bi(1,3-dihydrobenzo[c ]thiophene-2,2-dioxide)

(XCIII) to a greater

extent than does the species XXI to the hybrid structure of the
intermediate from the pyrolysis of 1 ,3-dihydroisothianaphthene2,2-dioxide (XX).

This conclusion may be rationalized on the

basis of conjugation between the quinoid rings of intermediate
XCVII, resulting in a more stable species than intermediate
XXI alone.

XCVII

A

XCVII

/N

V

Y

XCVIIa

XXIa
XXI
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The diradical species XCVIIa would also be a higher energy
species than the intermediate diradical species XXIa since four
electrons are required to be unpaired as opposed to only two
in XXIa.

If intramolecular reaction is indeed favored by a

high contribution of diradical character to the actual
structure of the intermediate, then the reaction of inter
mediate XCVII would be more likely to proceed intermolecularly
as compared to the reaction of intermediate

XXI.

An analogous case for the energy requirements of the
intermediate in order to yield intramolecular reaction products
may be cited in the syntheses of naphthofa ]cyclobutene (XXXIII)
and naphtho[b jcyclobutene (XXVIII).^'^

Under conditions in

which the nonbenzenoid intermediate XXVII reacts to form
naphtho[bJcyclobutene (XXVIII), the partially benzenoid,
lower energy, intermediate XXXII does not react to form
naphtho[a]cyclobutene (XXXIII).

XXVII

XXXII
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Nuclear Magnetic Resonance Spectra.

TABLE I
T Values of Benzylic Protons of o_-Xylene and
Its Derivatives, Tetramethylsilane
Reference Standard

Solvent

Compound

-CH

-CH 2

-CH 3

o-Xylene(57)

cci4

7.769

3,3',4,4 '-Tetramethylbiphenyl

CCI 4

7.76

2,2 ',3,3'-Tetramethylbiphenyl

cci4

7.76,8.13

CL, CL '-Dibromo-o-xylene

DMSO

5.23

3 ,3',4,4 '-Tetrakis(bromomethyl)
biphenyl

DMSO
DMF

5.14
5.05

2,2 ',3,3 1-Tetrakis(bromomethyl)
biphenyl

CCI 4
DMSO

5,44,5.784
5.12,5.584

CL , Ct , Ct ', d
o~xylene

DMSO

2.15

3,3 ',4,4'-Tetrakis(dibromomethyl)
biphenyl

DMSO

2.19

2,2'-Bis(bromomethyl)-3,3' -bis(dibromomethyl)biphenyl

DMSO
CCI 4

2.41
3.09

'-Tetrabromo-

5.55 4
5. 8 8 4

2,2'-Bis(acetoxymethyl)biphenyl (4 2 >cci 4
5 , 5 ' -Bi(l,3-dihydrobenzo[c]thiophene)

cs2

5.82

4 , 4 ' -Bi(l,3-dihydrobenzo[c]thiophene )3

cs2

5.83,6.20

aStructure doubtful
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From a comparison of the model compounds (o-xylene,
a

, CL '-dibromo-o-xylene, and CL ,

CL CL
,

', Ct '-tetrabromo-o-

xylene) with the biphenyl derivatives, it can be seen that
the peak positions of the benzylic protons of the biphenyls
correspond closely to the positions of the benzylic protons
of the model compounds, in support of the structural assignments.
The effect of the non-coplanarity of the phenyl rings in
2, 2 ' ?3,3'-tetramethylbiphenyl (LXXVII) causes a shielding of
the 2 , 2 '-methyl protons and an upfield shift of the peak
position to T 8.13, whereas the position of the 3 , 3 '-methyl
protons appears at T 7.76, close to the position of the
methyl protons of £-xylene (XXIII) at T 7.769.

The methyl

protons of 3,3',4,4'-tetramethylbiphenyl (LXXIV) appear as a
singlet at T 7.76, showing that there is no shielding by the
phenyl groups in this compound.
The singlet observed for the methylene protons of
3,3',4,4'-tetrakis(bromomethyl)biphenyl (LXXX) at T 5.14 is
close to the singlet of the model CL , CL '-dibromo-o-xylene
(IV) at T 5,23.

The 3 , 3 '-methylene protons of 2,2',3,3'-

tetrakis(bromomethyl)biphenyl (LXXVIII) also appear at
about the same position, T 5.12, but the 2,2'-methylene pro
tons again appear further upfield due to shielding by the
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neighboring phenyl groups and give a quartet centered at
T 5.58.

The reason for the appearance of a quartet is the

magnetic non-equivalence of the 2,2 '-methylene protons due
to the neighboring substituted phenyl group:

BrHoC

If there is no rotation about the phenyl-phenyl bond, then
the protons

and Hg exist in different magnetic environments.

Each proton spin couples with the other to give two doublets.
Since the chemical shift between
a quartet is observed.

and Hg is not very great,

The observed coupling constant J^g

of 1 0 .,7 cps is of the approximate magnitude for gem-protons
(Jch 2 = 12-15 cps).(32a)

A number of examples of non-equiva

lent methylene protons have been reported, in which the
methylene protons are situated adjacent to asymmetric atoms
so that the magnetic environment of each proton is different
from the o t h e r . T h e r e

have also been reports of

magnetically non-equivalent methylene protons due to hindered
rotation.

Some examples of magnetically non-equivalent
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protons in 2 ,2 1-substituted biphenyls have been reported., ^ 2 )
The fact that hindered rotation about the phenyl-phenyl bond
is the cause of the non-equivalence can be shown from the
results obtained upon raising the temperature of the
system.

The quartet coalesces to a singlet, the position of

which is the same as the center of the quartet, as the
temperature is raised.

At the coalescence temperature the

rotation about the phenyl-phenyl bond is rapid enough so that
each proton of the methylene group experiences the same
average environment.
Br

Br
BrH2c

BrHoC

CHoBr

CH0Br

Rotation about the phenyl-methylene bond should be too
rapid even at room temperature to cause magnetic non
equivalence as can be seen from the fact that the 3 ,3 ’methylene protons appear as a singlet, as well as all of the
methylene protons of the isomer 3,3',4,4'-tetrakis(bromo
methyl) -biphenyl (LXXX) and of the model CL , CL '-dibromoo^-xylene (IV).
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The spectrum of d , d

, d

', d

'-tetrabromo-o-xylene

(X) exhibits a sharp peak at T 2 . 1 5 ,

and 3,3 1 ,4,4'-tetrakis-

(dibromomethyl)biphenyl (LXXXI) shows a sharp peak at
approximately the same position, T

2,19.

2 , 2 1-Bis(bromomethyl)-3,3'-bis(dibromomethyl)biphenyl
(LXXXII) shows a peak at T 2.41, close to the - C H B ^ groups
of the above compounds, and also a quartet centered at
T 5. 5 5 ,

close to that observed for the quartet of 2,2',3,3'-

tetrakis(bromomethyl)biphenyl (LXXVIII) at T 5.58.

Again

the 2 ,2 1-methylene protons are magnetically non-equivalent
as a result of hindered rotation about the phenyl-phenyl
bond, and the coupling constant is of about the expected
magnitude, J^g = 11.0 cps.

This hindered rotation contributes

to the steric hindrance of the 2 ,2 '-methyl positions so that
only six bromine atoms were substituted in the bromination
of 2 , 2 ?,3,3'-tetramethylbiphenyl (LXXVII) even though as
much as a 13:1 molar ratio of N-bromosuccinimide:tetramethyl
biphenyl was used.
Again the raising of the temperature of the 2 , 2 '-bis(bromomethyl)-3,3'-bis(dibromomethyl)biphenyl (LXXXII)
system caused the coalescence of the AB quartet to an A 2
singlet located in the same position as the center of the
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quartet, as in the case of 2,2',3 ,3 '-tetrakis(bromomethyl)biphenyl (LXXVIII).
An attempt was made to estimate the energy barriers to
rotation about the phenyl-phenyl bond in both 2,2',3,3'tetrakis(bromomethyl)biphenyl (LXXVIII) and 2,2'-bis(bromo
methyl) -3,3'-bis(dibromomethyl)biphenyl (LXXXII).

It was

expected that these two molecules would have approximately
the same rotational activation energies, since the only
structural difference between them was the substitution of
one more bromine atom on the 3,3'-methyl groups, which should
not have a great effect on phenyl-phenyl rotation.

In fact,

the calculated standard free energies of activation, A F ^ ,
were calculated to be 20.81 Kcal./mole for 2 , 2 1 ,3,3'-tetrakis(bromomethy1)bipheny1 (LXXVIII) and 20.18 Kcal./mole for 2,2'bis(bromomethyl)-3, 3 1-bis(dibromomethyl)biphenyl (LXXXII),
which are close to the value of 22.03 Kcal./mole calculated
for the compound 2 ,2 1-bis(acetoxymethyl)biphenyl reported by
Meyer and Meyer. ( ^ )

-j^g coaiescence temperatures of 128°

and 118° are also close to the coalescence temperature of
127° reported by Meyer and M e y e r ( ^ ) for ^ g

above compound.

Although the energy of activation for 2,2',3,3 1-tetrakis(bromomethyl)biphenyl (LXXVIII) was calculated to be 13.4+0.3
Kcal./mole,

(see p.80 ) which is in agreement with the value
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of approximately 13 Rial./mole reported for 2,2'-bis(acetoxymethyl)biphenyl,

the value of 3.82+0.14 Kcal./mole obtained

for 2 ,2 '-bis(bromomethyl)-3,3'-bis(dibromomethyl)biphenyl
(LXXXII) is below that expected even for biphenyl itself.v

'

A check of the data showed them to be self-consistent, but
perhaps another study of the compound at instrument settings
different from the ones used in this study would give other
results.

It is possible that the temperature values assigned

to some of the spectra may not be entirely accurate, since it
was observed that the temperature of the calibration sample
sometimes differed by several degrees between the time the
temperature was first determined and after the spectrum of
the biphenyl sample was run, because of the way in which the
sample was heated.

Such fluctuations in the temperature during

the determination of the critical part of the peak separationtemperature curve could introduce an error into the calculations.
Finally, the estimation of the T
Gutowsky and H o l m ^ ^ ^

values by the method of

is not as good a method as the comparison

of the experimental spectra with curves calculated for various
T values as determined with a computer program, and subsequent
evaluation of the activation energy, Ea .

The activation

energies calculated in this Dissertation are not represented
as accurate values, but only as rough estimates.
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The compounds began to decompose somewhat on prolonged
heating during the temperature studies, but this decomposition
was not rapid or extensive enough to affect the spectra obtained,
Cooling of the yellow solutions showed the reappearance of
the original quartets.

Not many compounds of this structural

type have been investigated, so that no actual values can be
assigned in respect to the expected magnitude of the rotational
energy barrier.

A number of resolvable biphenyl systems have

been studied, by optical methods, and activation energies of
ca.

17-28 Kcal./mole have been

r

e

p

o

r

t e

d

.

(50)

It would not be

likely that a biphenyl substituted only in the 2 ,2 1-positions
would be resolvable, so that energies of less than ca. 17
Kcal./mole would be expected.

On this basis, values of about

13 Kcal./mole seem reasonable.
The spectrum of 2,2',3,3'-tetramethylbiphenyl (LXXVII)
in carbon tetrachloride shows a separation of 0.37 T between
the peak assigned to the 2 ,2 '-methyl protons and the peak
assigned to the 3,3'-methyl protons; the spectrum of 2,2',3,3'tetrakis(bromomethyl)biphenyl (LXXVIII) in carbon tetra
chloride shows a separation of 0.34 T between the peak
assigned to the 3,3'-methylene protons and the center of the
quartet assigned to the 2,2'-methylene protons.

The spectrum
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in carbon disulfide of the reaction product between 2,2',3,3'tetrakis(bromomethyl)biphenyl (LXXVIII) and sodium sulfide
shows a separation of 0.37 T between the two peaks of equal
area which could be assigned to the 3,3'-methylene protons
at T 5.83 (methylene protons of 5,5'-bi(l,3-dihydrobenzo[c ]thiophene) appear as a singlet at T 5.82) and the 2,2'methylene protons at T 6.20, which would appear farther
upfield because of shielding by the neighboring phenyl group.
This evidence supports the possibility of the solid being
impure 4,4'-bi(l,3-dihydrobenzo(c]thiophene)

(XCII).

If this

is the case, then the effect of the formation of the fivemembered sulfide ring is to tie back the methylene group to
such an extent that rotation about the phenyl-phenyl bond is
rapid enough to cause the 2 ,2 '-methylene protons to be
magnetically equivalent.

As is the case with 2,2',3,3'-

tetramethylbiphenyl (LXXVII), however, the 2,2'-positions
are sufficiently shielded so that the signal from the protons
of the 2 ,2 '-methylene groups is shifted upfield, and separate
peaks are observed for the 2 ,2 '-methylene protons and the
3 , 3 1-methylene protons.
The reaction of 3,3',4,4'-tetrakis(bromomethyl)biphenyl
(LXXX) with silver acetate yielded 3,3',4,4'-tetrakis(acetoxymethyl)biphenyl (XCVIII), which was then saponified with
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ethanolic potassium hydroxide to give 3,3',4,4'-tetrakis(hydroxymethyl)biphenyl (XCIX).

Other attempts at the

hydrolysis o-f 3,3 ',4,4 *-tetrakis (bromomethyl)biphenyl (LXXX) ,,
for example, with aqueous sodium carbonate, gave only
viscous oils,,

CH20Ac

A c OH2C
AgOAc

LXXX

CHoOAc

A c OH2C
XCVI1I
CHoOH

HOHoC
KOH
HOHoC

XCIX
The reaction of 3,3',4,4'-tetrakis(dibromomethyl)biphenyl
(LXXXI) with sulfuric acid most likely resulted in mixtures
of products rather than in the formation of 4,4 *-biphthalaldehyde„

It was noted by Thiele and Gunther

(56)

that the

hydrolysis of CL , CL , Cl ’3 CL '-tetrabromo-£-xylene (X) with
concentrated sulfuric acid was unsuitable because of the
formation of phthalide and decomposition products.
3,3',4,4'-Tetrakis(bromomethyl)biphenyl (LXXX) reacted
with N-bromosuccinimide to form 3,3',4,4 1-tetrakis(dibromomethyl)biphenyl (LXXXI).
Also, the reaction of 3,3',4,4'-tetrakis(bromomethyl)-
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biphenyl (LXXX) with zinc dust and N-phenylmaleimide (XII)
in dimethylformamide yielded a product, the infrared spectrum
of which was the same as that of 6,6'-bi(N-phenyl-2,3naphthalenedicarboximide)

(XCIV), which is analogous to the

trapping of the intermediate from the reaction of CL , Cl 'dibromo-£-xylene (IV) with zinc dust in dimethylformamide
and dienophiles to yield Diels-Alder a d d u c t s . ^ ^
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EXPERIMENTAL 3

I.

Principal Syntheses

A.

Benzophenone System:

1.

3,3 1 ,4,4 1-Tetrakiscarbomethoxybenzophenone (LXII)^®^.

According to the procedure of Erdos and Carvajal,

(24 }

20 g

of chlorosulfonic acid was added to a mixture of 161 g (0.50
mole) of 3,3',4,4'-benzophenonetetracarboxylic dianhydride
(LXI) (Aldrich) and 500 ml. of methanol dropwise, with
shaking.

The resulting solution was refluxed for 20 hrs.

then cooled.

The solid which formed was removed by filtra

tion, and washed with ether.

The filtrate was concentrated

by distillation of methanol and the residue cooled to yield
more solid which was separated by filtration and washed with
ether.

The combined solid fractions were recrystallized

from methanol, washed with ether, and dried to yield 143.5 g
(69.3%) of white crystals m. 91.0-93.5°.
The infrared spectrum of 3,3*,4,4'-benzophenonetetra
carboxylic dianhydride (LXI) in KBr (Fig. 1) exhibited two

a
Melting points are uncorrected and in degrees Centigrade.
Elemental analyses by Galbraith Laboratories, Inc., Knoxville,
Tenn.
Infrared spectra were run on a Perkin-Elmer Model 137
spec tropho tome ter.
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peaks characteristic of cyclic anhydrides at 1860 and 1780
cm

-1

, and a ketone carbonyl peak at 1685 cm

-1

The infrared spectrum of 3,3',4,4'-tetrakiscarbomethoxybenzophenone (LXII) in KBr (Fig. 2) exhibited an ester
carbonyl peak at 1740 cm"*' and a ketone carbonyl peak at
1675 cm *\
Anal. Calcd. for C 2 iH^g 0 g:

C, 60.86; H, 4.34.

Found:

C, 61.07; H, 4.50.

2.

3,3 1,4,4 1-Tetrakiscarbomethoxybenzhydrol(LXX) f~ ^ A s

outlined in Reduction with Complex Metal Hydrides,

a

solution of 11.0 g (0.289 mole) of sodium borohydride in 200
ml. of methanol was added dropwise with stirring to a suspen
sion of 103.5 g (0.25 mole) of 3,3',4,4 1-tetrakiscarbomethoxybenzophenone (LXII) in 400 ml. of methanol.

The resulting

mixture was stirred at room temperature for two hrs. during
which time all of the solid went into solution.

To the pale

orange solution was added enough 3M acetic acid to decompose
the excess sodium borohydride.

The resulting mixture was

poured into enough water to make two liters of solution, and
the solution was made basic by the addition of solid sodium
carbonate.

The oily layer which separated was extracted with

chloroform, and the chloroform solution was dried over
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anhydrous sodium carbonate.

The bulk of the chloroform was

distilled and the last few milliliters were evaporated under
reduced pressure.

Stirring of the yellow viscous oily residue

with ether precipitated a white solid.

Dissolution of the

solid in methanol and reprecipitation by the addition of
ether gave 82.9 g (79.5%) of white solid m. 110.5-113.5°.
The infrared spectrum of 3,3',4,4'-tetrakiscarbomethoxybenzhydrol (LXX) neat (Fig. 3) exhibited an alcohol -OH band
at 3450 cm"^ and an ester carbonyl band at 1725 cm"^.
Anal.

Calcd. for C21**20%:
Found:

3.

60.57; H, 4.80.
C, 60.42; H, 4.63.

3,3',4,4'-Tetrakis(hydroxymethyl)benzhydrol ( L X X I ) ^ ^ -

As outlined in Reduction with Complex Metal Hydrides,

a

slurry of 4.8 g (0.125 mole) of lithium aluminum hydride in
125 ml. of dry tetrahydrofuran was prepared by the stirring
of the mixture at reflux for one hour.

The slurry was cooled

to room temperature, and a solution of 10.4 g (0.025 mole)
of 3,3 ',4,4'-tetrakiscarbomethoxybenzophenone (LXII) in 50
ml. of dry tetrahydrofuran was added dropwise with stirring.
The mixture was refluxed for 21 hrs. after addition was
completed, and the unreacted lithium aluminum hydride was
decomposed by the addition of first 22 ml. of methanol and
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then 36 ml. of water.

The hydrolyzed mixture was stirred with

26 g of anhydrous magnesium sulfate to remove the water from
the mixture, since it was found in previous runs that the
pentaalcohol is quite soluble in water.

The mixture was

filtered, the filtrate dried further over anhydrous sodium
sulfate, and the tetrahydrofuran was evaporated.

The cooled

yellow oily residue formed a solid when scratched.

The

solid was dissolved in methanol and reprecipitated by the
addition of ether.

Several reprecipitations yielded 4.6 g

(60„57o) of a white solid m. 148-151°.
The infrared spectrum of 3,3'4,4'-tetrakis(hydroxymethyl)benzhydrol (LXXI) (Fig. 4) in KBr exhibited an alcohol -OH
band at 3300 cm
A nal.

Calcd.

for C ^ ^ q O,.:
Found:

C,67.11; H, 6.57
C,

66.99; H, 6.61.

^Although it has been r e p o r t e d ^ ^ that localized high
temperature and pressure involved in the pressing of KBr
discs has sometimes resulted in the dehydration or structural
isomerization of compounds containing multiple hydroxy
groups, the spectrum of 3,3*,4,4'-tetrakis(hydroxymethyl)benzhydrol
(LXXI) exhibited infrared absorption at thesame
frequencies when run in a Nujol mull between NaCl plates as
was noted when run in a KBr disc.
The low -OH stretching
frequency may be attributed to the effect of hydrogen bonding.
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B.

Biphenyl System.

1„

2,2 ',3,3'-Tetrasubstituted Biphenyl Compounds,
a.

2,3-Dimethyliodobenzene. (LXXVI).

The following procedure was adapted from that used
by Crossley and H a m p s h i r e f o r

the preparation of 3,4-

dimethyliodobenzene (LXXIII).
A solution of 125 g (1.03 moles) of 2,3-dimethylaniline
(LXXV) (Aldrich) in 2100 ml. of water and 175 ml. of concen
trated hydrochloric acid was cooled to 0 - 10 ° and diazotized
with a solution of 72.5 g (1.05 moles) of sodium nitrite in
125 ml,, of water.

The diazotized mixture was allowed to

stand at 0-10° for ten minutes,

then a solution of 250 g of

potassium iodide in 1.5 liters of water was added with
stirring.
overnight.

The mixture was allowed to stand at room temperature
A dark oil was found to have settled to the

bottom of the beaker.

Enough solid sodium bisulfite was

added to the reaction mixture to remove the iodine color.
After one hour the aqueous layer was decanted and the products
from four runs were combined.
water and steam distilled.

The dark oil was washed with

The light yellow oil from the

distillate was washed with 5% sodium hydroxide solution, then
with water, and dried over anhydrous magnesium sulfate.
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The oil from 500 g (4.12 mole) of 2,3-dimethylaniline (LXXV)
was distilled under reduced pressure to give 335.4 g (35.0%)
of 2,3-dimethyliodobenzene

(LXXVI) b.

85.5-92.5°/l mm.

(Lit.: 80-82°/ 2 mm.,(43^ 125-126°/ 15 m m / 36)).

b.

2,2',3,3'-Tetramethylbiphenyl (LXXVII).

The following procedure was adapted from that of
Crossley and H a m p s h i r e f o r
tetramethylbiphenyl (LXXIV).

the preparation of 3,3,'4,4'At 200-220°, 165 g of copper

powder (Baker) was added to 164.4 g (0.709 mole) of 2,3dimethyliodobenzene (LXXVI).

The temperature was raised to

280-310° (Wood's metal bath) and maintained for ca. five
hours.

The cooled mixture was extracted with ether until

the extract was only faintly yellow, and the ether was
evaporated.

The combined residues, which were mixtures of

solid and oil, were distilled under reduced pressure to
give 67.1 g of recovered 2,3-dimethyliodobenzene (LXXVI),
fraction b. 80-110°/ 0.8 mm., and 2,2',3,3'-tetramethylbiphenyl
(LXXVII) b. 117-120°/ 0.8 mm.

(Lit.: 130-133°/2mm.(43>)

The white solid distillate was recrystallized from ethanol
to give 31.5 g (42.2%) of white needles m. 110-113.5° (Lit.:
115-117°^4 3 ^).

Based on unreacted 2,3-dimethyliodobenzene

(LXXVI), the yield was 71.3%.
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A number of similar runs gave approximately the same
yields.
The nuclear magnetic resonance spectrumc of 2,2',3,3'tetramethylbiphenyl (LXXVII) in carbon tetrachloride (Fig. 17)
showed a complex absorption pattern between T 3.0-3.4 (Ar-H),
a singlet at T 7.76 (3,3'-CHg), and a singlet at T 8.13
(2,2'-CH3).
The infrared spectrum of 2 , 2 1 ,3,3'-tetramethylbiphenyl
(LXXVII) in KBr (Fig. 5) was also recorded.

c.

2,2',3,3*-Tetrakis(bromomethyl)biphenyl (LXXVIII).

All of the following brominations were carried out
(49)
in accordance with the procedure of Reid and Bodem'
J for
the N-bromosuccinimide bromination of durene.
A mixture of 40.0 g (0.190 mole) of 2 , 2 ’,3,3*-tetra
methylbiphenyl (LXXVII), 135.6 g (0.762 mole) of N-bromo
succinimide, 0.7 g of benzoyl peroxide and 750 ml. of carbon
tetrachloride was refluxed overnight.

The resulting mixture

was filtered hot to remove succinimide, and the filtrate was

°Nuclear magnetic resonance spectra were obtained on a
Varian HA-60 instrument, with tetramethylsilane as reference
standard.
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concentrated by distillation of carbon tetrachloride.

The

concentrate was cooled to yield a viscous mixture of oil and
solid.

The mixture was filtered, and the solid was washed

with carbon tetrachloride, then with ether, to give 36.2 g
of pale yellow solid.
the

The filtrate was further concentrated,

resulting mixture filtered, and the solid was washed as

above to give

an additional 9.9 g. The yield

of 2,2',3,3'-

tetrakis(bromomethyl)biphenyl (LXXVIII) m. 115.5-123° was
42.3 g (42.2%).

An analytical sample was prepared by re 

crystallization twice from acetone, m. 127-129.5°.
Anal. Calcd.

for:

C

H^Br^:

C,

36.50; H, 2.66; Br, 60.83

Found:

C,

36.68; H, 2.71; Br, 60.71.

The nuclear magnetic resonance spectrum of 2,2 ',3,3 'tetrakis(bromomethyl)biphenyl (LXXVIII) in carbon tetra
chloride at room temperature (Fig. 20) showed a complex
absorption pattern at T 2.7-3.0 (Ar-H), a singlet at T 5.44
(3 ,3 '-CH2 ), and an AB quartet centered at T 5.78 ( 2 , 2 ' - C H ^ ) >
(

= 5.34,

T g = 5.89,

A t = 0.23).

The coupling constant

J was found to be 10.4 cps and the separation
to be 14.2 cps.

S AT> was found
Ad

The spectrum in dimethylsulfoxide (Fig. 21)

showed a complex absorption pattern at T 2.3-2.9 (Ar-H), a
singlet at T 5.12 O ^ ' - C ^ ) ,

and an AB quartet centered at
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T 5.58 (2 ,2 '-CH2 ) J = 10.5 cps.

The spectrum of a 20 wt7

vol. per cent solution of 2 ,2 ',3,3 1-tetrakis(bromomethyl)biphenyl (LXXVIII) in dimethylformamide in a sealed tube
under nitrogen showed a singlet at T 5.10 (3,3'-Cl^) and an
AB quartet centered at T5.48

A T -

0.28) at 26°.

(2 ,2 '-CH2 ), ^ ^"a = ^.34,

= 5.62,

The coupling constant J was found to be

10.7 cps, and the separation

was found to be 17.2 cps.

As the temperature was raised,

the quartet peaks broadened

and coalesced to an A 2 singlet at T 5.50 (and a singlet at
T 5. 1 0 ) at 128° (Fig. 30).

Further raising of the temperature

caused a sharpening of the singlet at T 5.50.

No change

with temperature was observed for the singlet at T5.10.
The infrared spectrum of 2,2',3,3'-tetrakis(bromomethyl)biphenyl (LXXVIII) in KBr (Fig. 7) was also recorded.

d.

2,2' -Bis (bromomethyl)-3,3 1-bis (dibromomethyl)biphenyl (LXXXII).

A mixture of 4.2 g (0.02 mole) of 2,2*,3,3'—
tetramethylbiphenyl (LXXVII), 25.0 g (0.14 mole) of N-bromosuccinimide, 0.4 g of benzoyl peroxide, and 200 ml. of
carbon tetrachloride was refluxed overnight.

The resulting

mixture was filtered hot to remove succinimide, and the
filtrate was concentrated by distillation of carbon
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tetrachloride.

Cooling of the concentrate yielded a viscous

mixture of oil and solid.

The mixture was filtered, and the

solid was washed with carbon tetrachloride, then with ether,
to give 4.8 g of a pale yellow solid.

Further concentration

of the filtrate yielded some additional solid which was
separated by filtration and washed as above to give another
1.3 g.

Recrystallization of the combined fractions from

petroleum ether (90-100°) yielded 6.1 g (44.5%) of white
crystals m. 150-153°.
Brominations of 2 ,2 3 , 3 '-tetramethylbiphenyl (LXXVII)
in carbon tetrachloride were carried out with molar ratios of
N-bromosuccinimide:
above.

tetramethylbiphenyl greater than 7:1 as

In all cases the only product isolated was 2,2'-bis -

(bromomethyl)-3,3 '-bis(dibromomethyl)biphenyl (LXXII).

NBS: TMBP

M.p. of crude product

% Yield

8:1

149-153°

40.9

9:1

145-153.5°

38.0

12:1

146-151.5°

45.6

13:1

146-153°

52.6

The infrared spectra of all of the above products were
identical with the infrared spectrum of 2 ,2 '-bis(bromomethyl)3,3'-bis(dibromomethyl)biphenyl (LXXXII) in KBr (Fig. 9).
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An analytical sample was prepared by recrystallization twice
from petroleum ether (90-100°), m. 153-156.5 .
Anal. Calcd.

for C 16 H 12Br :
Found:

C,28.07; H, 1.75; Br, 70.17.
C, 28.13; H, 1.75; Br, 70.03.

The nuclear magnetic resonance spectrum of 2,2'-bis(bromomethyl)-3,3'-bis(dibromomethyl)biphenyl (LXXXlt) in
carbon tetrachloride at room temperature (Fig. 29) showed a
complex absorption pattern at T 2.0-3.0 (Ar-H), a sharp
peak at T 3.09 (may be 3 , 3 '-CH), and an AB quartet centered
at T 5.88 (2,2'-CH2), ( T ^ = 5.79

T fi = 5.98, A T

=0.19).

The coupling constant J was found to be 10.8 cps, and the
separation

was found to be 11.1 cps.

The spectrum in

dimethylsulfoxide showed a complex absorption pattern at
Tl.8-2.85 (Ar-H), a sharp peak at T 2.41 (may be 3 , 3 '-CH)
and

an AB quartet centered at T 5.55 (2,2' - C ^ )

The

spectrum of a 20 wt./vol.

J = 11.0 cps.

per cent solution of 2,2-bis-

(bromomethyl)-3,3'-bis(dibromomethyl)biphenyl (LXXXII) in
dimethylformamide in a sealed tube under nitrogen showed an
AB quartet centered at T 5.46 (2,2'-CH ), ( T. = 5.29,
2
R
5.63,

A T

= 0.34) at 26°.

»

The coupling constant J was

found to be 11.0 cps, and the separation
be 20.4 cps.

T_ =

§

AB

was found to

As the temperature of the solution was raised,
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the quartet peaks broadened and coalesced to an A 2 singlet
at T 5.55 at 118°.

(Fig. 31).

Further raising of the

temperature caused a sharpening of the singlet.

2.

3,3',4,4'-Tetrasubstituted Biphenyl Compounds.
a.

3,4-Dimethyliodobenzene (LXXIII).

The same procedure and amounts of reagents were used
in the reaction of 500 g (4.13 moles) of 3,4-dimethylaniline
(LXXII) as for 2,3-dimethylaniline (LXXV).

The same purifica

tion procedures were used to give 742.2 g (77.4%) of 3,4dime thyliodobenzene (LXXIII) b. 228-236°. at atmospheric
pressure (Lit.:

b.

228-232°).

3,3',4,4'-Tetramethylbiphenyl (LXXIV).

The same procedure was used for the conversion of
3,4-dimethyliodobenzene (LXXIII) to 3,3',4,4'-tetramethyl
biphenyl (LXXIV) as was used for the preparation of 2,2',3,3'tetramethylbiphenyl (LXXVII) from 2,3-dimethyliodobenzene
(LXXVI).

The reaction of 63.8 g (0.275 mole) of 3,4-di-

methyliodobenzene (LXXIII) gave 3,3',4,4'-tetramethylbiphenyl
(LXXIV) b. 138°/0.8 mm.

After recrystallization from

ethanol 16.2 g (56.0%) of white needles were obtained m.
74-76° ( L i t . ^ ^ :

76-77°).

The amount of unreacted 3,4-

dimethyliodobenzene (LXXIII) recovered from the reaction
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mixture by distillation was 14.9 g.

The yield of 3,3',4,4'-

tetramethylbiphenyl (LXXIV) based on unreacted 3,4-dimethyliodobenzene (LXXIII) was 73*3%
A number of similar runs gave comparable yields for
individual runs*
The nuclear magnetic resonance spectrum of 3 ,3',4,4'tetramethylbiphenyl (LXXIV) in carbon tetrachloride (Fig* 18)
showed a complex absorption pattern at T 2*8-3. 2 (Ar-H) and
a singlet at T 7.76 (3,3',4,4'-CH^).
The infrared spectrum of 3,3',4,4’-tetramethylbiphenyl
(LXXIV) in KBr (Fig. 6 ) was also recorded.

c,

3,3',4,4 1-Tetrakis(bromomethyl)biphenyl (LXXX).

Two mixtures of 36.2 g (0.173 mole) of 3,3',4,4'tetramethylbiphenyl (LXXIV), 122.9 g (0.690 mole) of N-bromosuccinimide, 0.5 g of benzoyl peroxide, and 500 ml. of carbon
tetrachloride were refluxed overnight.

The mixtures were

filtered hot to remove succinimide, and the filtrates com
bined and concentrated by distillation of carbon tetrachloride.
The concentrate was cooled to give a mixture of yellow viscous
oil and solid.

The mixture was filtered and the solid was

washed with carbon tetrachloride, then twice with ether, to
give 45.2 g of pale yellow solid.

Further concentration of
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thefiltrate yielded more
tion

solid which

and washed as above, to give

was removed by filtra

an additional 12„7 go

The

yield of 3,3',4,4'-tetrakis(bromomethyl)biphenyl (LXXX) was
57„9 g (31.87o) m. 145-155°.

Recrystallization twice from

benzene gave white prisms m. 156.5-159.5°.
Anal. Calcd.for C ^ H ^ B r ^ :
Found:

C, 36.50; H, 2.66; Br,

60.83.

C, 36.55; H, 2.66; Br,

61.10.

The nuclear magnetic resonance spectrum of 3 , 3 ’,4,4’tetrakis(bromomethyl)biphenyl (LXXX) in dimethylsulfoxide
(Fig. 22) showed a complex absorption pattern at T 2.0-2.7
(Ar-H) and a singlet at T 5.14 (3,3 ’,4,4 '“CI^).

The spectrum

in dimethylformamide showed a singlet at T 5.05.
The infrared spectrum of 3,3',4,4’-tetrakis(bromomethyl)biphenyl (LXXX) in KBr (Fig. 8 ) was also recorded.

d.

3,3 *,4,4'-Tetrakis(dibromomethyl)biphenyl (LXXX1).

A mixture of 8.4 g (0.040 mole) of 3,3',4,4'-tetra
methylbiphenyl (LXXIV), 56.8 g (0.32 mole) of N-bromosuccinimide, 0.7 g of benzoyl peroxide and 500 ml. of carbon tetra
chloride was refluxed overnight.

The resulting mixture was

filtered hot to remove succinimide, and the filtrate was
concentrated by distillation of carbon tetrachloride.
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Evaporation of the remaining carbon tetrachloride under
reduced pressure yielded a mixture of viscous yellow oil and
solid.

The residue was triturated with a little carbon

tetrachloride and filtered, then the solid was washed with
ether.

The solid was dissolved in hot benzene.

Addition of

petroleum ether (90-100°) to the cooled benzene solution
caused the precipitation of a tan solid which was removed
by filtration.

The infrared spectrum of this tan solid was

the same as that of succinimide.

The filtrate was again

concentrated, and the resulting solid which was obtained was
removed by filtration, washed with carbon tetrachloride, then
ether, and dried.

The yield of white solid m. 205-210°

(decompd.) was 16.0 g (47.4%).

An analytical sample was

prepared by recrystallization twice from benzene, m. 223-225°
(decompd.)
Anal. Calcd.

for C 16 H 10 Brg :
Found:

C, 22.82; H, 1.18; Br, 76.00.
C, 23.01; H, 1.20; Br, 76.01.

The nuclear magnetic resonance spectrum of 3,3',4,4'tetrakis(dibromomethyl)biphenyl (LXXXI) in dimethylsulfoxide
(Fig. 25) showed a complex absorption pattern at T 1.85-2,, 1
(Ar-H) and a sharp peak at T 2.19 (may be 3,3',4,4'-CH).
The infrared spectrum of 3,3',4,4'-tetrakis(dibromomethyl)biphenyl (LXXXI) in KBr (Fig. 10) was also recorded.
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e.

3,3',4,4 1-Tetrakis(acetoxymethyl)biphenyl (XCVIII).

A mixture of 6.6 g (0.0125 mole) of 3 ,3',4,4'tetrakis(bromomethyl)biphenyl. (LXXX), 8.4 g (0,050 mole) of
silver acetate, and 50 ml. of glacial acetic acid was refluxed
for 70 min„

The resulting mixture was cooled and poured into

600 ml. of cold water.

The mixture was filtered and the

solids extracted with hot methanol.

The methanol solution

was concentrated and cooled to give 2.9 g (52.7%) of crystals
m. 111„5-116°.

An analytical sample was prepared by recrystal

lization twice from methanol to give white needles m. 116-118°.
Anal. Calcd. for C24H260 q °
Found:

C, 65.16; H, 5.88
C, 65.09; H, 5.94

The infrared spectrum of 3,3',4,4'-tetrakis(acetoxymethyl)biphenyl (XCVIII) in KBr (Fig. 15) exhibited a carbonyl band
at 1730 cm

-1

f. 3,3 ',4,4"-Tetrakis(hydroxymethyl)biphenyl (XCIX).
A solution of 2,9 g (6.6 mole) of 3 , 3 !,4,41-tetrakis
(acetoxymethyl)biphenyl (XCVIII) in 25 ml. of ethanol was
refluxed overnight with a solution of 1.85 g of potassium
hydroxide in 25 ml. of ethanol,,

The resulting solution was

concentrated by distillation of ethanol, and the concentrate
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was filtered hot.

The remaining ethanol was evaporated, and

the residue was recrystallized from water containing decolor
izing charcoal.

The yield of white crystals m, 117-131° was

1.35 g (75,3%).

Recrystallization from an 8:1 mixture of

water:methanol yielded a white solid m,

127.5-135°,

recrystallization yielded a solid m„ 120-138°.

Another

An analytical

sample was prepared by recrystallization from water m„ 133-139°.
Ana 1 . Calcd.

for

C, 70.07; H, 6,57
Found:

The infrared

C, 70.16; H, 6.74

spectrum of 3,

3 p,4 ,4 '-tetrakis (hydroxymethyl)-

biphenyl (XCIX) in KBr (Fig. 16) exhibited an intense

band at

3200 cm"1 .

g.

3,3 ,4,41-Tetrakis(acetoxymethyl)biphenyl
(XCVIII) from 3 , 3 1 ,4,4 1-Tetrakis(hydroxymethyl)biphenyl (XCIX),

A mixture of 56.7 mg (0.207

mmole) of 3,3 ',4,4'-

tetrakis(hydroxymethyl)biphenyl (XCIX), 5 ml, of acetic
anhydride, and a drop of concentrated sulfuric acid was heated
on a steam bath for five minutes, then cooled and poured onto
crushed ice.

After the ice had melted, the solid was removed

by filtration and recrystallized from methanol to give 31,2 mg
(35.2%) of 3,3*,4,4'-tetrakis(acetoxymethyl)biphenyl (XCVIII)

Reproduced with permission o f the copyright owner. Further reproduction prohibited without permission.

69

m. 116-118°.

The infrared spectrum of this product was the

same as that of 3,3' , 4 , 4 1-tetrakis(acetoxymethyl)biphenyl
(XCVIII) previously prepared from 3 , 3 ' ,4,41-tetrakis(bromomethyl)biphenyl (LXXX).

h.

5,5'-Bi(l,3-dihydrobenzo[c]thiophene)

(XCI).

According to the procedure of Cava and c o w o r k e r s ^ ^ 5
to a refluxirig mixture of 57.9 g (0.110 mole) of 3,3',4,4'tetrakis(bromomethyl)biphenyl (LXXX) in 1650 ml. of ethanol
was added a hot mixture of 63.8 g (0.265 mole) of sodium
sulfide nonahydrate in 33 ml. of water and one liter of
ethanol, in 100 ml. portions, over a period of 25 minutes.
A white gum formed on the addition of the sodium sulfide.
The mixture was heated with occasional swirling for an hour
after addition was completed.

The liquid was decanted from

the bulk of the solid and concentrated by distillation of
ethanol to c a . 900 ml. volume.

The concentrate was cooled,

and 900 ml. of water was added to precipitate a yellow solid.
The solid was removed by filtration, dried, and combined with
the dried solid from the original reaction.

The combined

yellow-brown solids were dissolved in carbon disulfide, the
carbon disulfide solution was dried over anhydrous sodium
sulfate, and then chromatographed on neutral alumina with
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Evaporation of the

pale yellow eluate yielded 9.9 g (33.3%) of pale yellow
solid m. 141-149°.

An analytical sample was prepared by the

chromatography of a small amount of solid, then recrystal
lization from ethanol to give glossy plates m. 148.5-151.5°.
Anal. Calcd.

for C 16H

S2 :

Found:

C 71.11; H, 5.18; S, 23.70.
C 70.94; H, 5.24; S, 23.48.

The nuclear magnetic resonance spectrum of 5,5 1-bi(1,3dihydrobenzo[c ]thiophene) (XCI) in carbon disulfide (Fig. 26)
showed a complex absorption pattern at T 2.6-2.9 (Ar-H) and
a singlet at T 5.82 (3,3' ,4,4'-CHLj,).
The infrared spectrum of 5,5 '-bi(1,3-dihydrobenzo[c)thiophene)

(XCI) in KBr (Fig. 11) was also recorded.

i.

5,5'-Bi(l,3 -dihydrobenzo[c]thiophene -2,2"
dioxide) (XCIII).

(5)
The procedure of Cava and D e a n a v J was applied to
the oxidation of 5,5'-bi(l,3-dihydrobenzo (c )thiophene) (XCI).
To a mixture of 125 ml. of 40% peracetic acid (Becco)
and 50 ml. of glacial acetic acid cooled in an ice bath was
added with stirring, over a period of 1.5 h r s . , 24.9 g
(0.0914 mole) of 5,5'-bi(l,3-dihydrobenzo[c]thiophene)

(XCI).

The sulfide initially dissolved, then a white solid appeared
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during the addition.

The mixture was stirred in the ice bath

for one hour after the addition was completed, then at room
temperature for three days.

The resulting mixture was poured

into 300 ml. of cold water, and the solid was removed by
filtration, washed with water, and dried.

The pale yellow

solid was dissolved in warm dimethylformamide, in which it
was slightly soluble, and chromatographed on neutral alumina
with dimethylformamide as the eluting solvent,,

The eluate

was concentrated and diluted with twice its volume of water.
The white solid was removed by filtration, washed with water,
and dried to give 21.4 g (69.47.) of sulfone m„ 310° (decompd.)
Anal. Calcd. for C-,H„,S-0,; C, 57.48; H, 4.19; S, 19.16.
Id 14 2 4
Founds C, 57.66; H, 4.31; S, 18.95.

The infrared spectrum of 5,5'-bi(l,3-dihydrobenzo[c)thiophene)(XCIII) in KBr (Fig. 12) was recorded.

j„

Pyrolyses of 5,5 *-Bi(l,3-dihydrobenzo[c)thiophene-2,2-dioxide) (XCIII).

1.

6 ,6 '-Bi(N-phenyl-2,3-naphthalenedicarboximide)

(XCIV)s--In accordance with the procedure of Cava and D e a n a ^ ^
an intimate mixture of 1.5 g (4.5

mmole) of 5,5*-bi(l,3-

dihydrobenzo[c ]thiophen.e-2,2.-dioxide) (XCIII) and 3, 0 g
(13.5

mmole) of N-phenylmaleimide (XII) was heated slowly
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at 230-270° (Wood's metal bath), during which time a heavy
white vapor was noted in the reaction flask, and the odor of
sulfur dioxide was noted emanating from the top of the condenser.
The mixture was heated at 270° for 15 minutes,
for another 10 minutes„
with hot acetone.

then at 300°

The residue was cooled and extracted

The acetone solution was chromatographed on

neutral alumina with acetone as the eluting solvent.

An

orange eluate fraction was collected first, then a pale
yellow eluate fraction was collected separately.

Concentration

of the orange eluate fraction and cooling of the concentrate
yielded a solid.

Removal of the solid by filtration, and

washing of the material with acetone yielded 1.1 g of white
solid m. 286-291°.

Work up of the pale yellow eluate fraction

in the same manner as above gave an additional 0.55 g of white
solid m . 285-290°.

The solids were combined to give a total

yield of Diels-Alder adduct of 1.65 g (66.4%).

An analytical

sample was prepared by solution of a portion of the solid in
chloroform, and chromatography on neutral alumina with
chloroform as the eluent.

The solvent was evaporated from

the eluate and the residue was recrystallized twice from
acetone to give a white solid m. 289-293°.
Anal. Calcd.

for CooHOQN 00, : C, 77.27; H, 5.31; N, 5.30;
^ 28 2 4
1212i
Found: C, 77.43; H, 5.25; N, 5.18;
0, 12.04.
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The nuclear magnetic resonance spectrum of 6 , 6 '-bi(Nphenyl-2,3-naphthalenedicarboximide)
acetic acid (Fig.

(XCIV) in trifluoro-

28) showed a complex absorption pattern at

T 2 . 33-2.83 and T 3.17-3.50 (Ar-H), peaks at T 6 . 2 3 and
T 6.67, and a singlet at T 7.60 (unassigned).
The infrared spectrum of 6,6'-bi(N-phenyl-2,3naphthalenedicarboximide)

(XCIV) in KBr (Fig. 13) exhibited

a carbonyl peak at 1710 cm

2.

2,2'-Bi(11,12,15,16-tetrahydronaphthacenequin

(XCV):--As in the reaction above with N-phenylmaleimide, an
intimate mixture of 1.5 g (4.5

mmole) of 5,5'-bi(l,3-dihydro-

benzo(c]thiophene-2,2-dioxide)

(XCIII) and 3.35 g (21.2 m-

mole) of 1,4-naphthoquinone (XLVI) was heated at 250-260°
(Wood's metal bath) for five minutes, during which time a
dense white smoke formed in the reaction flask, and a dark
solid was deposited on the walls of the flask.

The odor of

sulfur dioxide was noted emanating from the top of the
condenser.

The temperature was raised to 305° over a period

of 15 minutes and maintained for five minutes.
cooled to a dark glossy solid.

The residue

The residue was extracted

with hot dimethylformamide, and the dimethylformamide
extract was chromatographed on neutral alumina with
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dimethylformamide as the eluent.

A yellow eluate, followed

closely by an orange eluate, then a dark brown eluate was
obtained.

The eluates were concentrated and water was added

to each of the concentrates.

The precipitates which formed

were removed by filtration, washed with water, and dried.
The yellow solid from the yellow eluate melted at about 200°.
The remaining solids appeared to be impure.

The solids

were combined, dissolved in chloroform, and rechromatographed
on neutral alumina with chloroform as the eluent.

A bright

yellow fraction was obtained, followed by an orange fraction,
then an orange-brown fraction.

Evaporation of chloroform

from the eluates gave a yellow solid from the first yellow
fraction, an orange solid from the second orange fraction,
and an orange-brown gum from the third fraction.

The solids

from the first two fractions were triturated with acetone,
and the mixture was filtered to yield 120 mg (5.1%) of a
o
canary yellow solid m. 254.5-260.0 .

Recrystallization once

from chloroform-acetone gave a solid m. 256-260.5°.
Anal. Calcd.

for

g0^:
Found:

C, 82.75; H, 4.98
C, 82.94; H, 4.87.

The infrared spectrum of 2 , 2 1-bi(ll,12,15,16-tetrahydronaphthacenequinone)

(XCV) in KBr (Fig. 14) showed a carbonyl

peak at 1670 cm
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The nuclear magnetic resonance spectrum of 2 , 2 '-bi(11,12,15,16-tetrahydronaphthacenequinone)

(XCV) in tri-

fluoroacetic acid (Fig. 24) showed a complex absorption
pattern at T 1.9-3.35 (Ar-H), a singlet at T 7.60, and a
doublet centered at T 8.07 (unassigned).

3.

Product from Pyrolysis of 5 , 5 5-Bi('l,3-dihydro-

benzofc]thiophene-2,2-dioxide)

(XCIII)r— In a procedure

similar to the pyrolysis of 1,3-dihydroisothianaphthene2,2-dioxide (XX) by Cava and Deana,

(5 )

• pyrolysis of 980 mg

(2.94 mmole) of 5 ,5' ~bi(l,3-dihydrobenzo[c]thiophene~'2,2~
dioxide)

(XCIII) over a period of 20 minutes at 315-400°

caused the white sulfone to decompose with foaming to a
tan solid residue.

The odor of sulfur dioxide was noted

emanating from the top of the condenser, and a moist blue
litmus paper held at the top of the condenser turned red.
Cooling of the residue yielded a brown solid foam which
did not melt up to 410° and was insoluble in organic
solvents.

The weight of residue was 570 mg (94.5% based

on the complete removal of sulfur dioxide from the
molecule). This solid may be a polymeric dibenzocyclooctadiene.
A n a l . Calcd. for C ^ g H ^ :

C, 93.20; H, 6.80.

Found:

C, 90.69; H, 6.95.
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The product was analyzed, but the analysis did not agree
satisfactorily with the values calculated for the expected
product.

The data show that the product has the approximate

c omposition (c16H 1J n

II.

Temperature Studies of the Nuclear Magnetic Resonance
Spectra of 2,2',3,3'-Tetrakis(bromomethyl)biphenyl
(LXXVIII) and 2,2'-Bis(bromomethyl)-3,3f-bis(dibromomethyl)biphenyl (LXXXVI).

The relation of the Arrhenius activation energy of a
process to the rate constant k and the frequency factor k Q
i
,
.
(45a)
is given by the equation:

(1)

o

In the consideration of the hindered biphenyl system, k is
the rate of rotation about the phenyl- phenyl bond, and can
be related to the times,

T

A

and

T b , which the molecule
b

spends in conformation A and conformation B.

A

B
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Since the molecule may spend an equal amount of time in
each conformation,

TA =

^

=

^

(2)
(45b)

and the total rate constant can be expressed as

k = 1/2T

(3)

Substitution in the original rate expression gives:

1/2 T

Because

T

= k

o

e‘Ea A T

(4)

cannot be measured directly, a measurable parameter

may be obtained by the division of each side of the rate
expression by 7T

8V

>

Where

8V

is the chemical shift

between the magnetically non-equivalent protons measured in
cps.
1 / T 2 7T 8 V

= (k0 /7T 8 ^ ) e"E a A T

(5)

Expressed in logarithmic form:

log10 ( 1 / T 2 7 t B u

) = log1() (k /7r8l/)-<fe / 2.3 RT)

T is used for time in this context in accordance with
literature procedures(^7,45) an(j should not be confused with
the unit for chemical shift measurement.
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If the peak separation is measured in radians instead of cps
(where 1 cps = 2 TT radians/sec.), then the expression
becomes
log1() (1/T 8 td )= log1Q (2kQ / S OJ)_(Ea / 2.3 RT)

A plot of 1°8^q (I/'7’ 8 CO ) vs.

(7)

1/T can be used to obtain a
y/ r

\

value for Ea from the slope of the curve obtained.
The method of Gutowsky and Holm

(27)

was used to obtain

approximate values of the rotational activation energy, E ,
a
about the phenyl-phenyl bond for the compounds, 2,2',3,3'tetrakis(bromomethyl)biphenyl (LXXVIII) and 2,2'-bis(bromomethyl)-3,31-bis(dibromomethyl)biphenyl (LXXXII).
temperature dependence of the separation

8 CO

of the signals

due to the magnetically non-equivalent protons H
may obtain the values of 1 / T

8 CO

From the

A

and H , one
B

for various temperatures

through the use of the calcula tions of Gutowsky and Holm.
The signal separation

(27)

8 CO , where

be calculated from the formula:

1- 3= 2- 4=

~\J(S V ) 2

+ J2

(8)

where 1- 3 and 2- 4 are the separations in cps between the
first and third, or the second and fourth peaks of the AB
quartet, and J is the coupling constant, or difference

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

79

between the first and second, or third and fourth peaks of
the quartet, in c p s . ^ ^ 3)

The following tables hre the signal separations d U) e
between the signals for the protons

and Hg, expressed in

radians/sec., measured at temperatures from room temperature
to the coalescence point.

From the graph of Gutowsky and

Holn/27) relating Su) g / 8

to 1/ T 8cd , where 8(x)e is

the experimental signal separation for

and Eg and 8 c

is the limiting separation between the signals at low tempera
ture, the values for 1 / T

8CO

were obtained.

The samples were run as 20 wt./vol. per cent solutions
in dimethylformamide, sealed in nuclear magnetic resonance
sample tubes under nitrogen.

The temperature of the sample

in the instrument was controlled with a current of warm air.
The temperature of the sample was checked by the running of
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#

an ethylene glycol spectrum under the same conditions, and
comparison of the spectrum with a calibrated peak separation
versus temperature curve for ethylene glycol.

The spectra

were run at a sweep width of 500 cps.
Calculations,

of the slopes and intercepts of the data

in Tables II and III by the method of least squares gave a
value of -2.922 for the slope of the data for 2,2',3,3'tetrakis(bromomethyl)biphenyl (LXXVIII), and a value of
7.247 for the intercept, b.

The energy of activation, E . ,
a
0

calculated from this slope was 13.4 + 0.3

Kcal./mole.

In

the same way the slope of the line from the data from 2,2'bis(bromomethyl)-3,3'-bis(dibromomethyl)biphenyl (LXXXII)
was found to be -0.8356, and the value for the intercept,
f
b, was found to be 1.969.

This slope gave a value for the

energy of activation, E , of 3.82 + 0.14 6 Kcal./mole.
3

eErrors are reported as the standard deviation error
from the least squares line.
^See also Fig. 32, p . 152.
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TABLE II

8CO

The Temperature Dependence of the Chemical Shif t
Between the Magnetically Non-equivalent 2,2'Methylene Protons of 2,2',Sji'-tetrakisCbromomethy^biphenyl (LXXVIII)
J = 10.7 + 0 . 3 cps^

T(°c)
26.5
27
34
37
40
42
46
50.5
52
57.5
61
66.5
70
74
79
85
91
95
99
105
106
110
114
119
122
128c

Scoe(r/s) S a j g / S o ^ Q 1/T X lofar1) 1/rStd
109.9
110.3
107.7
107.0
109.9
109.0
108.1
106.1
107.2
107.2
106.9
107.4
106.9
108.2
107.0
104.6
104.0
101.7
100.1
97.9
97.8
87.9
77.3
70.4
56.3
0

0.969
0.964
0.940
0.927
0.905
0.905
0.814
0.715
0.651
0.521
0

2.793
2.747
2.719
2.688
2.646
2.639
2.611
2.584
2.551
2.532
2.495

0.168
0.184
0.242
0.265
0.304
0.304
0.409
0.499
0.541
0.610
0.706

iog10(l/TSuJ)

-0.775
-0.735
-0.616
-0.576
-0.517
-0.517
-0.388
-0.3015
-0.267
-0.2145
-0.151

aThe coupling constant was measured, and for 25 determina
tions from 26.5 to 66.5° was found to average 10.7 + 0 . 3 cps.
This value was used in all subsequent calculations of $ CO ■
bThe limiting separation, O (Orr) , was taken as the averag
of the values for X/j _ from 26.5 to 79°, and was found to be
108. 0 + 1 . 3 r/s.
cThe coalescence temperature was found to be 128° C.
At
or 0.706.(45b)
the coalescence temperature l / T § c J = \/^\]2
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TABLE III
The Temperature Dependence of the Chemical Shift 8 Cl)
Between the Magnetically Non-equivalent 2 , 2 ’-Methylene
Protons of 2 , 2 ,-Bis(bromomethyl)-3,3'bis(dibromomethyl)biphenyl (LXXXII).

i

t

'.(°c ) (^)COe (r/s) J

26
26.5
27
29
32
34
37
40
41
42
45
46
52
55.5
57.5
61
66.5
70
72.5
75
79
85
95
100
106
108.5
110.5
114.5
116.5
118c

127.0
129.0
128.2
128.2
126.0
123.9
124.6
123.9
121.2
122.0
120.4
119.7
119.7
118.0
119.0
118.1
113.0
111.1

111.6
108.6
104.9
105.8
97.6
93.4
64.4
68.5
54.4
50.3
44.9
0

0.985
0.967
0.973
0.967
0.948
0.953
0.941
0.935
0.935

'(Mil
0.930
0.923
0.883
0.869
0.871
0.848
0.819
0.825
0.761
0.729
0.503
0.535
0.424
0.392
0.350
0

_

1/T X l o V -1)

1/TOCO

3.257
3.225
3.195
3.185.
3.175
3.145
3.135
3.077
3.044
3.026
2.994
2.946
2.915
2.895
2.874
2.841
2.793
2.719
2.681
2.639
2.621
2.608
2.581
2.567
2.558

0.176
0.158
0.176
0.229
0.218
0.242
0.253
0.253
0.277
0.261
0.275
0.332
0.347
0.345
0.367
0.402
0.395
0.462
0.488
0.619
0.605
0.644
0.656
0.669
0.706

iog10 (i/r

-0.755
-0.801
-0.755
-0.640
-0.661
-0.616
-0.597
-0.597
-0.557
-0.583
-0.560
-0.4785
-0.460
-0.462
-0.435
-0.396
-0.403
-0.335
-0.312
-0.208
-0.218
-0.1915
-0.183
-0.175
-0.151

aFor 24 determinations of the coupling constant over a
range from 26 to 66.5°, the average value was found to be
11.0 + 0.2 cps.
This value was used in all subsequent calcula
tions of
^The limiting separation, 8 CdcO > was taken as 128.1 +
0.7 r/s, the average of the values from 26- 29°C.
—
cThe coalescence temperature was found to be 118°C.
this temperature
arature 1 / T § CO is 0.706.145b)
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The standard free energies of activation, A

, for

(2 )
the compounds were calculated by use of the equation:v '
k = (KT/h) e“A F ^ /RT

(9)

where k is the rate of rotation about the phenyl-phenyl bond
at the coalescence p o i n t , or

k =

SCJ/2 ~\p2

(10)

K is Boltzmann's constant, h is Planck's constant, and T is
the coalescence temperature in degrees Kelvin.

The equation

then becomes:

SoJ/2'V2

=

(KT/ h) e ' A p f /RT

(1 1 )

The standard free energy of activation for 2,2',3,3'tetrakis (bromomethyl)biphenyl (LXXVIII) was calculated to
be 20.81 Kcal/mole;

that for 2 , 2 1-bis(bromomethyl)-3,3'-bis-

(dibromomethyl)biphenyl (LXXXII) was found to be 20.18 Kcal./
mole.
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III.

Further Reactions

A. Benzophenone System.

1. 3 . 3 ’,4.41-Tetrakiscarbomethoxybenzophenone (LXII)
Reactions.

a. Reaction of 3,3',4,41-tetrakiscarbomethoxybenzophenone (LXII) with phenylhydrazine and with 2,4(52)
dinitrophenylhydrazine.
To a hot solution of 5.0 g (0.012 mole) of 3,3',4,4'tetrakiscarbomethbxybenzophehone

(LXII) in 50 ml. of

methanol was added 2 ml. of phenylhydrazine and two drops
of glacial acetic acid.

The mixture was heated on a steam

bath for 10 minutes, then cooled.

A yellow solid separated,

which was removed by filtration, washed with ether, and
dried.

The yield of solid m. 169-172° was 3.5 g (58.3%).

The infrared spectrum of the product showed no ketone
carbonyl band.
A small amount of 3 , 3 1,4,41-tetiakiscarbomethoxybenzophenone (LXII) dissolved in methanol was heated with
a few milliliters of 2,4-dinitrophenylhydrazine reagent to
give a yellow solid m. 195-197.5°.
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b. Attempted Preparations of Ketals of 3,3',4,
4'-Tetrakiscarbomethoxybenzophenone (LXII).

1)

Reaction with ethylene glycol, azeotropic dis

tillation: -- In a procedure similar to that of Sulzbacher
and coworkers

, a mixture of 149.9 g (0.362 mole) of

3,3 ',4,4'-tetrakiscarbomethoxybenzophenone (LXII), 27.5 g
(0.443 mole) of ethylene glycol, one gram of jo-toluenesulfonic acid monohydrate, and 400 ml. of benzene was
distilled.

More benzene was added to the reaction flask

intermittently, until a total of 2500 ml. of additional
benzene had been added.

A total of 2765 ml. of benzene

distillate was collected over a period of 10.25 h r s .

The

residual benzene solution was evaporated under reduced
pressure, then stirred with a solution of one gram of sodium
bicarbonate in 100 ml. of water, and another 100 ml. of water
was added.

The resulting mixture was extracted with 250 ml.

of methylene chloride, the organic layer was separated,
washed with water, and dried over anhydrous magnesium sul
fate.

Evaporation of the methylene chloride yielded only

starting material as shown by the infrared spectrum.

Re

action of the recovered 3,3',4,4'-tetrakiscarbomethotfybenzophenone (LXII) as above again yielded only starting
material.
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2)

Reaction with ethylene glycol, azeotropic dis

tillation, anhydrous work-up procedure: --

In a 150 ml.

round-bottomed flask equipped with a reflux condenser and
a Dean-Stark trap was placed 10.0 g (24mmole) of 3,3'4,4'tetrakiscarbomethoxybenzophenone (LXII), 3.8 g (60 mmole)
of ethylene glycol, a few crystals of £-toluenesulfonic
acid monohydrate, and 150 ml. of benzene.

The mixture was

refluxed for 1.5 hours, cooled and a solution of methanolic
sodium methoxide added until the mixture was basic.

The

solvents were removed by reduced pressur. distillation and
the residue extracted with ether, then with methylene
chloride.

Evaporation of the solvents from the extractions

gave essentially no residue from the ether, and from the
methylene chloride a solid, the infrared spectrum of which
was the same as that of the starting material.
A number of similar runs of reflux time from one to
three days before work-up also gave only starting material.

3)
catalyst: —

Reaction with ethylene glycol, ammonium chlorid
In a procedure adapted from Haworth and Lap-

w o r t h i ^ ) ? a mixture of 4.5 g (0.018 mole) of 3,3 1,4,4'-

tetrakiscarbomethoxybenzophenone (LXII), 50 g of ethylene
glycol, and 0.3 g of ammonium chloride was allowed to stand
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at room temperature for two days, then neutralized, using
phenolphthalein as indicator, with sodium methoxide.

The

resulting mixture was extracted with ether, the ether
extract was dried over anhydrous sodium carbonate, and the
ether was evaporated,,

The white residue was recrystallized

from methanol to give a solid, the infrared spectrum of
which was the same as that of the starting material.

4)
sulfonic acid catalyst:

Reaction with ethylene glycol,
-■»

toluene-

A mixture of 10.,0 g (0.024

mole) of 3 , 3 v,4,4'-Tetrakiscarbomethoxybenzophenone (LXII),
110 ml.

of ethylene glycol, a few crystals of £~toluene-

sulfonic acid monohydrate, and 200 ml,, of benzene was re
fluxed for 1.5 days, then neutralized with sodium methoxide,
and 250 ml. of water was added to the resulting mixture.
The benzene layer was separated, dried over anhydrous
sodium carbonate, and the benzene was evaporated.
residue was extracted with ether.

The oily

Evaporation of the ether

yielded a viscous oil which solidified on cooling.

The

infrared spectrum of the resulting solid was the same as
that of the starting material.
A similar run of 69.5 hours reflux time gave an oil
which was chromatographed on neutral alumina, and eluted
with benzene, then ether, then methanol.

The only product
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obtained was starting material.

5)

Reaction with phosphorus pentachloride, then

sodium in methanol:

-- According to the procedure of

MacKenzie(^O)} j_n a 300 ml. round-bottomed flask equipped
with a reflux condenser and drying tube was placed 10.0 g
(0.024 mole) of 3,3' ,4,4 '-tetrakiscarbomethoxybenzophenone
(LXII) and 5.0 g (0.024 mole) of phosphorus pentachloride.
The mixture was heated at 140-150° for 2.5 hours, then
phosphorus oxychloride was removed by reduced pressure
distillation.

A viscous amber oil remained which would

not distill at reduced pressure (27 mm.) when heated with
a Fisher burner.

The infrared spectrum of the oil showed

no ketone carbonyl band.
To the above oil was added a solution of 1.0 g (0.043
mole) of sodium in 40 g of absolute methanol, and the re
sulting mixture was allowed to stand for two hrs. at room
temperature.

No reaction was observed.

An additional 50 g

of methanol was added, and the mixture was refluxed.
30 min. the oil had dissolved.

After

The solution was refluxed

for an additional 2.75 hrs. then concentrated to half its
volume and filtered hot.
of the solution.

No solid separated on the cooling

Concentration of the solution to 15 ml.
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volume and cooling still gave no crystals.

The solution

was diluted with 100 ml. of water and extracted with ether.
The ether solution was dried over anhydrous sodium carbon
ate, and the ether was evaporated to give a yellow viscous
oil.

A portion of the oil was distilled at 267°/4 mm. to

give a yellow tacky gum which gave a white precipitate with
alcoholic silver nitrate.

The infrared spectrum of the

gum did not show a ketone carbonyl band.
A second run of the same proportions gave similar
results.

6) Reaction with phosphorus pentachloride, then
ethanedithiol.
Reaction of 3,3',4,4'-tetrakiscarbomethoxybenzophenone
(LXII) with phosphorus pentachloride as above for 92 hours
followed by distillation of phosphorus oxychloride and
addition of 7 ml. of ethanedithiol to the resulting residue,
the mixture being heated at 140° for an additional 21 hours,
yielded only a brown gum after work-up.

7) Reaction with phosphorus tribromide then sodium
methoxide.
A mixture of 5.0 g (0.012 mole) of 3 , 3 1,4,41-tetrakiscarbomethoxybenzophenone (LXII) and 0.8 ml.

(2.4 g;

0.008 mole) of phosphorus tribromide was heated at 155-170°
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for two hours.

To the cooled mixture was added a solution

of 3.0 g (0.055 mole) of sodium methoxide powder in 100 ml.
of methanol, and the resulting mixture was refluxed.

After

30 min. an additional gram of sodium methoxide was added to
the mixture, and the mixture was refluxed for another hour.
The cooled solution was diluted with 600 ml. of water and
extracted with chloroform.

The chloroform layer was dried

over anhydrous sodium carbonate, and the chloroform was
evaporated to give some white oil.

The infrared spectrum

of the oil was different from that of the starting material,
but no pure product was obtained from the viscous oil, which
did not distill or crystallize.

8 ) Reaction with ethyl mercaptan.

In a 250 ml. round-bottomed flask equipped with a con
denser was placed 10.4 g (0.025 mole) of 3,3',4,4'-tetrakiscarbomethoxybenzophenone (LXII) and 150 ml. of methanol.
To this solution was added 7.4 ml.

(6.2 g; 0.10 mole) of

ethyl mercaptan and a few crystals of jo-toluenesulfonic
acid monohydrate.

The mixture was shaken and heated on a

steam bath for 30 minutes.

As the solution cooled, a white

solid separated melting 90-94° (starting material).
In 30 ml. of glacial acetic acid was placed 10.4 g
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(0.025 mole) of 3,3',4,41-tetrakiscarbomethoxybenzophenone
(LXII), 5.2 ml.

(4.3 g; 0.069 mole) of ethyl mercaptan, and

0.2 g of £-toluenesulfonic acid monohydrate.

The mixture

was shaken and allowed to stand at room temperature for
one hour.

The resulting solution was poured into 400 ml.

of cold water and extracted with chloroform.

The chloro

form solution was washed with water, 5% sodium hydroxide
solution, and again with water, then dried over anhydrous
sodium sulfate.

Evaporation of the chloroform yielded a

yellow oil which gave a solid on being cooled and scratched,
m. 82-93°; the infrared spectrum of the solid was the same
as that of the starting material.

9) Reaction with ethanedithiol.
According to a procedure adapted from Ralls and
Riegel,^^

a mixture of 1.8 g (4.34 mmole) of 3,3',4,4'-

tetrakiscarbomethoxybenzophenone (LXII), 0.5 ml.

(0.56 g;

5.9 mmole) of ethanedithiol, 0.1 g of £-toluenesulfonic
acid monohydrate, and 30 ml. of glacial acetic acid was
allowed to stand for one hour at room temperature, then
poured into 150 ml. of cold water.

The resulting sus

pension was extracted with chloroform, and the chloroform
solution was washed with water, 5% sodium hydroxide solution,
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and again with water.

The chloroform solution was dried

over anhydrous sodium sulfate, and the chloroform was
evaporated to give an oil which solidified on being cooled
and scratched.

Recrystallization from methanol yielded one

gram of white solid m. 92-94° (starting material).
A similar run refluxed in acetic acid for 30 min.
followed by standing overnight at room temperature again
yielded only starting material.

c.

Attempted Condensation of 3,3',4,41-Tetra-

kiscarbomethoxybenzophenone (LXII) with Diethyl Malonate:
In a one liter three-necked flask fitted with a condenser,
drying tube, addition funnel, and mechanical stirrer was
placed 59.3 g (0.143 mole) of 3,3',4,4’-tetrakiscarbomethoxybenzophenone

(LXII) and a solution of 4.0 g (0.174

mole) of sodium in 200 ml. of methanol.

To this mixture

was added dropwise with stirring 23.0 g (0.144 mole) of
diethyl malonate.

The resulting mixture was refluxed for

two hours, then cooled.

Addition of 400 ml. of cold water

to the solution caused the formation of a solid which was
extracted with methylene chloride.

The methylene chloride

solution was dried over anhydrous magnesium sulfate, and
the solvent evaporated to give an oily residue which
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yielded a white solid when stirred with methanol.

The solid

m. 89.5-91.5°, and gave an infrared spectrum which was the
same as that of the starting material.

d.

Reaction of 3,3',4,4'-Tetrakiscarbomethoxy-

benzophenone (LXII) with Methyl Orthoformate:

--

A mixture

of 10.0 g (0.024 mole) of 3,3',4,4'-tetrakiscarbomethoxybenzophenone (LXII), 6.0 g (0.055 mole) of methyl ortho
formate, 32 g of methanol, and four drops of concentrated
hydrochloric acid was heated on a steam bath until homo
geneous, and then allowed to stand at room temperature for
24 hours.

The mixture was made basic with methanolic

sodium methoxide and the solid which had separated was
filtered.

The recrystallization of the solid from methanol

gave needles m. 93-94°.

The infrared spectrum of the solid

was the same as that of the starting material.

Evaporation

of the filtrate from the original reaction mixture yielded
more starting material.

B . Biphenyl System.

1• 2,2't3,3'-Tetrasubstituted Biphenyl Reactions.
a. 2,2',3,3'-Tetramethylbiphenyl (LXXVII) Re
actions: -1) Attempted preparations of 2 , 2 1,3,3'-tetramethylbiphenyl
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(LXXVII) from 2,3-dimethyliodobenzene (LXXVI).

As in a procedure used by Crossley and Hampshire,
to 10.0 g (0.043 mole) of 2,3-dimethyliodobenzene (LXXVI)
heated to 190° was added 10 g of copper powder, and the
resulting mixture was heated at 252° for 2.75 hrs.
mixture was cooled and extracted with ether.

The

Evaporation

of the ether gave a dark oil which distilled at 115°/13 mm.
(starting material) and a tarry non-distillable residue.
A second run

heated at ca. 150° for 46 hrs., accord-

ing to the procedure of Newman and Wiseman,

(43)

' yielded
99 0

on work-up as above a dark oil b. 115°/13 mm., nj^
1.6069 (starting material b. 125-126°/15 m m . , ^ nj)^°
1.6065) .
A run with activated copper powder(^7) (activated as
follows:

20 g of copper powder was washed in 2 % iodine in

acetone for 10 minutes, and the mixture was filtered.

The

copper was then washed with 6N hydrochloric acid in acetone,
filtered, and washed with acetone.

The dried copper pow

der was then used immediately.) gave a 3.9% yield of 2,2',
3 , 3 '-tetramethylbiphenyl (LXXVII) after 8 hours at 250°.
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2) Attempted bromination of 2,2',3,3'-tetramethylbi
phenyl (LXXVII) with bromine, benzoyl peroxide initiator.
A mixture of 2.1 g (0.01 mole) of 2,2',3,3'-tetra
methylbiphenyl (LXXVII), 2.2 ml.

(6.4 g; 0.04 mole) of bro

mine, 50 ml. of carbon tetrachloride, and a trace of
benzoyl peroxide was refluxed for 5.5 hrs.
the solvent yielded a viscous oil.

Evaporation of

Dissolution of the oil

in benzene followed by the addition of petroleum ether
(90-100°) gave only a gummy oil.

The infrared spectrum of the

oil was different from that of the starting material, but
not the same as that of 2,2',3,31-tetrakis(bromomethyl)biphenyl (LXXVII) obtained above with N-bromosuccinimide.

b. 2.2'.3,3*-Tetrakis(bromomethyl)biphenyl
(LXXVIII) Reactions: -1) Reaction with sodium sulfide.
In a procedure similar to that of Cava and cowork
ers (1-5,16) a kot m ixture of 10.5 g (0.02 mole) of 2,2',3,
3'-tetrakis(bromomethyl)biphenyl (LXXVIII) in 175 ml. of
ethanol was added to a hot mixture of 10.1 g (0.042 mole)
of sodium sulfide nonahydrate in 50 ml. of ethanol and
5 ml. of water.
A white gum was observed to form on the mixing of the
two.

This mixture was heated for 41 hrs., then concentrated
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by distillation.

The residue was diluted with water and

extracted with methylene chloride.

The methylene chloride

solution was dried over anhydrous sodium carbonate and
chromatographed on alumina, with methylene chloride as
the eluent.

Evaporation of the eluate yielded a yellow

solid which softened at ca. 123°, and melted over a wide
range, 123-160°.
Anal.

Calcd. for C 16 H 14 S 2 : C,71.11; H,5.18; S,23,70
Found: C,68.98; H,5.67; S,20.58

A second run of 85.3 g (0,162 mol§) of 2,2',3,3'tetrakis(bromomethyl)biphenyl (LXXVIII) reacted as above
with 92.0 g (0.38 mole) of sodium sulfide nonahydrate
yielded a yellow-orange solid which was dissolved in carbon
disulfide and chromatographed on neutral alumina with car
bon disulfide as the eluent.

There was no separation of

dark impurities as with the mixture obtained from the
isomer, 3,3',4,4 1-tetrakis(bromomethyl)biphenyl (LXXX).
Evaporation of the orange eluate gave an amorphous brown
gum.

The gum was extracted with dioxane, and the solution

was heated with decolorizing charcoal and filtered.

Ad

dition of water to the filtrate yielded a yellow solid
which was separated by filtration, washed with water,
and dried.

The yield of solid was 12.4 g (Theoretical
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yield of 4 ,4 '-bi(T,3-dihydiob6nzo[cJthiophene)
should be 4.38 g ) .

(XCII)

The yellow solid did not give a de

finite melting point, but melted at 131-160° and turned
brown during the process.
A portion of the above solid was rechromatographed on
neutral alumina, with carbon disulfide as the eluent, and
the eluate was evaporated.

Dissolution of the residue in

dioxane, followed by stirring with decolorizing charcoal
and filtration, then addition of water to the filtrate,
again gave a yellow solid.

The infrared spectrum of the

solid was the same as that of the product of the first
run.
The nuclear magnetic resonance spectrum of the above
solid in carbon disulfide (Fig. 27) showed a complex
absorption pattern at T 2.8-3.24, a peak a t T 5.82 and a
broad peak at T 6 .20.

The areas of the peaks a t T 5 . 8 2 and

T6.20 were approximately the same.

This solid may be im

pure 4,4'-bi(l,3'1-dihydfobertzo(..c]thiophene) (XCII).

c . 2,2'-bis(bromomethyl)-3,3'-bis(dibromomethyl)biphenyl (LXXXII) Reactions.
1. Reaction with sodium iodide.
To 40 ml. of dimethylformamide heated to 60-70° was
added 3.4 g (0.005 mole) of 2,2'-bis(bromomethyl)-3,3'-
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bis(dibromomethyl)biphenyl (LXXXII) and 9.7 g of sodium
iodide, with stirring.

Iodine was liberated immediately.

After 4.75 hrs. the resulting mixture was poured into 200
ml. of cold water containing 10 g of sodium bisulfite.

The

solid was removed by filtration, washed with water, and
dried.

Extraction of the solid with boiling petroleum

ether (90-100°) yielded a red-violet solution, but very
little of the solid appeared to dissolve.

Extraction of

the residue with boiling benzene resulted in a more in
tensely colored red-violet solution, but still not much of
the solid dissolved.

Addition of petroleum ether (90-100°)

to the benzene extract caused the precipitation of a tan
solid which turned black at 170-180°, but did not melt up
to 247°.

2.

3,3't4 » 4 '-Tetrasubstituted Biphenyl Reactions.
a. 3 , 3 1 ,4,4'-Tetramethylbiphenyl (LXXIV) Reactions.

1) Attempted preparation of 3,3',4,4'-tetramethylbiphenyl
(LXXIV) from 3 ,4-dimethyliodobenzene (LXXIII).
According to the procedure of Cross ley and Hamp
shire,

a mixture of 51.5 g (0.222 mole) of 3,4-dimethyl-

iodobenzene (LXXIII) and 52 g of copper powder was heated
at 158° for 18.5 hrs.

The temperature was then raised to

265° (Wood's metal bath) for 25 min.

The mixture was
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cooled and extracted with ether.

Evaporation of the ether

yielded only a dark oil.
A second run of 83.5 g (0.359 mole) of 3 ,4-dimethyliodobenzene (LXXXIII) was heated to 220° and 84 g of copper
powder added slowly in portions.

The temperature was raised

to 240° and maintained for 1.5 h r s .

The mixture was worked

up as above to yield a dark brown oil.

The oil was

chromatographed on neutral alumina with ether as the eluent.
Evaporation of the eluate yielded only an oil and no solid
3,3',4,4'-tetramethylbiphenyl (LXXIV).
A third run of 10.0 g (0.043 mole) of 3,4-dimethyliodobenzene (LXXIII) was heated to 220°, and 10 g of copper
powder was gradually added.

The temperature was slowly

raised to 256° and maintained for 25 min.

The mixture was

extracted with ether, and the ether was evaporated to give
a dark oil.

The oil was extracted with hot ethanol to

yield a tarry residue, and a brown oil separated on cooling
of the ethanol solution.

No solid 3,3',4,4'-tetramethyl

biphenyl (LXXIV) was obtained.

The infrared spectrum of

the oil was similar to that of 3 ,4-dimethyliodobenzene
(LXXIII).
A number of similar smaller runs at temperatures from
240-270° for periods of 30 m i n s . to 4 hrs. gave the same
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results.
In an experiment based on the procedure of Kornblum
and K e n d a l l , a refluxing mixture of 20.0 g (0.086 mole)
of 3 ,4-dimethyliodobenzene (LXXIII) in 100 ml. of dimethylformamide was mixed with 20 g of copper powder activated
as above in the reaction with 2 ,3-dimethyliodobenzene.
The mixture was refluxed for 4.75 hrs., then an additional
20 g of activated copper powder was added.

The mixture

was refluxed for another 19 h r s ., then cooled and poured
into two liters of water.

The mixture was filtered, and

the solid extracted with hot acetone.
acetone gave some orange oil.

Evaporation of the

Extraction of the oil with

hot ethanol, and cooling of the ethanol solution yielded
no solid.

Addition of water to the cooled ethanol solution

yielded an orange oil.

The filtrate from the original re

action mixture contained more orange oil.
A second run refluxed for 68.25 hours also yielded an
oil on work-up.
A third run refluxed for 70 hours with double the above
amount of activated copper powder again gave only an oil,
and no solid 3,3',4,4'-tetramethylbiphenyl

(LXXIV).

In another experiment, to 10.0 g (0.043 mole) of 3,4dimethyliodobenzene (LXXIII) heated to 220° was added 10 g
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(3 7 )

of activated copper powder,v
at 220-230° for 25 m i n s .

' and the mixture was heated

The mixture was distilled, and

the distillate was dissolved in hot ethanol.

No solid was

obtained on cooling of the ethanol solution.

The distilla

tion residue was extracted with ether, and the ether was
evaporated to give a brown oil.
A similar run heated at 150° for 48.5 hrs. yielded an
oil on work-up which was chromatographed on neutral
alumina with ethanol and then ether as the eluent, to give
on evaporation of the eluate only an oil and no solid 3,3',
4,4'-tetramethylbiphenyl (LXXIV).
In a procedure patterned after that of Turner and
coworkers, > ^ 9 )

50 m l. of anhydrous ether was dissolved

12.1 g (0.052 mole) of 3 ,4-dimethyliodobenzene (LXXIII),
and the solution was dropped into 2.2 g (0.0905 mole) of
magnesium turnings in 50 ml. of anhydrous ether.

A crystal

of iodine was added to the mixture, and the mixture was
heated on a steam bath for a few minutes.

The mixture was

allowed to stand for one hour at room temperature, then
refluxed for 1.25 hrs.

To the resulting mixture was added

7.2 g (0.045 mole) of freshly dehydrated and powdered
chromium (III) chloride.
occasionally.

The mixture was heated and shaken

Water was then added to the mixture, and
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the resulting suspension was extracted with ether.

The

ether solution was dried and the ether removed by evapora
tion.

The desired solid product was not obtained.
A second run with anhydrous copper sulfate in place of

chromium (III) chloride again yielded no solid 3,3',4,4'tetramethylbiphenyl (LXXIV).

2.) Reaction with Bromine.
A mixture of 4.2 g (0.02 mole) of 3 , 3 1 ,4,4'-tetra
methylbiphenyl (LXXIV), 4.4 ml.

(12.8 g; 0.08 mole) of

bromine, 0.1 g of benzoyl peroxide, and 50 ml. of carbon
tetrachloride was illuminated with a 100 watt tungsten lamp
at room temperature for 3.75 hrs.

The mixture was then

refluxed for 30 min. and then cooled.

Evaporation of the

carbon tetrachloride yielded a dark viscous oil, the infra
red spectrum of which was not the same as that of 3,3',4,4'tetrakis(bromomethyl)biphenyl (LXXX) previously prepared
above by the use of N-bromosuccinimide.
In another experiment, a mixture of 3.3 g (0.0157
mole) of 3,3',4,4'-tetramethylbiphenyl (LXXIV), 6.85 ml.
(20.1 g; 0.126 mole) of bromine, 0.1 g of benzoyl peroxide,
and 50 ml. of carbon tetrachloride was illuminated with a
100 watt tungsten lamp at room temperature for 25.5 hrs.
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Evaporation of the carbon tetrachloride gave a dark vis
cous oil, the infrared spectrum of which was not the same
as that of 3,3',4,4'-tetrakis(dibromomethyl)biphenyl
(LXXXI) previously prepared above by the use of N-bromosuccinimide.
A second run refluxed overnight without illumination
also yielded a dark viscous oil, soluble in ether and
benzene, which could not be made to yield the desired
product.
b. 3,3',4,4'-Tetrakis(bromomethyl)biphenyl
(LXXX) Reactions:
1) Reaction with sodium iodide.
In an experiment patterned after the procedure of
Cava and c o w o r k e r s , a mixture of 0.3 g (0.6 mmole) of
3 , 3 !,4,4'-tetrakis(bromomethyl)biphenyl (LXXX) and 10 ml.
of dimethylformamide was heated to 60-70° with stirring,
and 0.6 g of sodium iodide was added.
immediately.

Iodine was liberated

After 4.75 hrs.of heating, the mixture was

poured into a solution of 3 g of sodium bisulfite in 150
ml. of water.

The solid was removed by filtration, and

washed with water.
foaming.

The dry solid melted ca. 145° with

A sodium fusion of the solid, followed by testing

with silver nitrate gave a negative halide test.
appeared to be an amorphous powder.
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2.)

Reaction with sodium acetate.
A mixture of 1.6 g (0.003 mole) of 3,3',4,41-tetrakis

(bromomethyl)biphenyl (LXXX), 1.1 g (0.013 mole) of anhydrous
sodium acetate, and 50 ml. of glacial acetic acid was re
fluxed with stirring for 1.75 hrs.

The resulting mixture

was poured into 200 ml. of water, and the solid was re
moved by filtration, washed with water, and recrystallized
from methanol.

The resulting solid melted at 92.5-103°.

Two further recrystallizations from methanol gave a solid
m. 104-107°.

The 3,3',4,4'-tetrakis(acetoxymethyl)biphenyl

(XCVIII) prepared by the use of silver acetate melted at
116-118°.

3) Reaction with N-bromosuccinimide.
A mixture of 1.6 g (0.003 mole) of 3 , 3 ’,4,4'-tetrakis
(bromomethyl)biphenyl (LXXX) and 2.15 g (0.012 mole) of
N-bromosuccinimide was refluxed in 150 ml. of carbon tetra
chloride for 20 hrs. with 0.1 g of benzoyl peroxide.

The

resulting mixture was filtered hot, and the filtrate was
concentrated by distillation.

A white solid which separated

was removed by filtration and dissolved in benzene.

Ad

dition of petroleum ether (90-100°) to the benzene solution
caused the formation of a precipitate which was removed by
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filtration and dried, m. 188-198°„

The infrared spectrum

of the solid showed bands characteristic of both 3,3',4,4®—
tetrakis(bromomethyl)biphenyl (LXXX) and 3,3',4,4 *-tetra
kis (dibromomethyl)biphenyl (LXXXI).

The filtrate from

the original reaction mixture was evaporated to give a
solid m. 197.5-206.5° (decompd.)

(melting point of 3,3',

4,4'-tetrakis(dibromomethyl)biphenyl (LXXXI) 223-225°).
The infrared spectrum of the solid was similar to that of
3,3',4,4’-tetrakis(dibromomethyl)biphenyl (LXXXI).
(13)
4) Reaction with zinc dust.
Activated zinc dust was prepared by the stirring of
10 g of zinc dust with a saturated aqueous ammonium chloride

solution, decanting of the liquid, then washing of the zinc
dust with water, then 9570 ethanol.

The zinc was refluxed

with 2 g of hydroquinone in 200 ml. of ethanol, and a sus
pension of 2.7 g (0.005 mole) of 3,3',4,4'-tetrakis(bromo
methyl) biphenyl (LXXX) in 200 ml. of ethanol was added
dropwise.

Addition was completed after about three hours.

The mixture was then refluxed for an additional 20.5 hrs.
The resulting mixture was filtered hot, and the filtrate
was concentrated to ca. 100 ml. volume.

To the solution

was added 75 ml. of water, and the mixture was extracted
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with petroleum ether (90-100°) as the eluent.

Evaporation

of the eluate gave some white solid which was recrystallized
from ethanol to give white crystals m. 66„5-71° (3,3',4,4'tetramethylbiphenyl m. 76-77°).

The infrared spectrum of

the solid was the same as that of 3 , 3 1 ,4,4*-tetramethyl
biphenyl (LXXIV).

5) Reaction with zinc dust and N-phenylmaleimide (XII)
in dimethylformamide.
As in the procedure of Alder and Freme r y , ^ ^ a mixture
of 3.4 g (6.5 mmole) of 3 , 3 1 ,4,4 1-tetrakis(bromomethyl)
biphenyl (LXXX) and 2.3 g (0.014 mole) of N-phenylmaleimide
(XII) in 25 ml. of dimethylformamide was added to 1.6 g of
zinc dust (0.024 mole), and heated for one hour.

The re

sulting red mixture was poured into 150 ml. of cold water,
and the solid was removed by filtration, washed with water,
and dried.

The product was extracted with benzene, and the

extract was chromatographed on neutral alumina with ether
as the eluting solvent.

Evaporation of the ether eluate

yielded a yellow solid which was triturated with acetone
to give a solid m. 273-280°.
naphthalendicarboximide)

[6 ,6 '-Bi(N-phenyl-2,3-

(XCIV) prepared by the pyrolysis

of 5,5'-bi(l,3-dihydrobenzo(c )thiophene-2,2-dioxide)
(XCIII) with N-phenylmaleimide (XII) m. 289-293°).
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infrared spectrum of the solid was similar to that of
6 ,6 '-bi(N-phenyl-2,3-naphthalenedicarboximide)

(XCIV).

After the above elution with ether, the alumina column was
eluted with methylene chloride.

Evaporation of the

methylene chloride eluate yielded an amorphous brown solid.
Since the amount of product obtained in this reaction was
very small, no attempt was made at further purification.

6) Reaction with sodium sulfide in dimethylformamide.
A hot solution of 7.0 g (0.013 mole) of 3 , 3 ’,4,4'tetrakis(bromomethyl)biphenyl (LXXX) in 50 ml. of dimethylformamide was added in portions, with stirring, to a hot
mixture of 7.2 g (0.03 mole) of sodium sulfide nonahydrate,
100 ml. of dimethylformamide, and 5 ml. of water.

The

original light blue sulfide solution turned orange on
addition of the bromide, then a curdy white solid formed;
after 2.25 hrs. of heating of the mixture, the solution had
turned dark.

The mixture was then stirred at room tem

perature for 24.5 hrs.
750 ml. of water.

A solid separated which was removed by

filtration and dried.
methylene chloride.

To the dark green mixture was added

The green solid was extracted with
Evaporation of the methylene chloride

extract gave some black residue which was extracted with
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hot ethanol.

Essentially all of the original green solid

had been insoluble, and evaporation of the ethanol extract
gave only a very small amount of solid, the infrared spec
trum of which was the same as that of 5 , 5 1-bi(l,3-dihydrobenzo(c]thiophene)

(XCI) prepared above in ethanol.

c. 3,3',4,4 1-Tetrakis(dibromomethyl)biphenyl (LXXXI)
Reactions;
(13)
1) Reaction with sodium iodide in ethanol.
In a three-necked flask equipped with a condenser,
drying tube, magnetic stirrer, and heating mantle was
placed 45 g of sodium iodide in 150 ml. of absolute ethanol.
To this mixture was added 10.0 g (0.0118 mole) of 3,3',4,4'tetrakis(dibromomethyl)biphenyl (LXXXI), and the resulting
mixture was heated with stirring for 60 hrs. at reflux.
The resulting solution, which had turned dark brown was
concentrated by distillation of 60 ml. of ethanol.
(60 ml.) was added to the residue.

Water

An additional 60 ml. of

solvent was distilled, and the residue was cooled.

To

decolorize the solution, sulfur dioxide was bubbled through
the mixture, then the mixture was cooled to 0 ° by the ad
dition of ice.

After two hours in an ice bath, the solution

was decanted from the brown gum which had separated, and
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the residue was washed with water, 5?0 sodium bicarbonate
solution, and again with water.

The dried residue did not

dissolve in hot petroleum ether (90-100°).

Heating of the

residue in 400 ml. of 3:1 petroleum ether (90-100°): ben
zene yielded a red-purple solution, but not much of the
residue appeared to dissolve.

The petroleum ether: ben

zene solution was filtered hot through anhydrous sodium
sulfate, and the remaining residue extracted twice as
above.

The combined petroleum ether: benzene extracts

were concentrated to ca. 100 ml. volume and chromatographed
on neutral alumina, with benzene as the eluting solvent.
Evaporation of the first fraction of the eluate collected
yielded some orange-brown solid, the second fraction yielded
a few drops of gum.

Further elution of the alumina column

with ethanol, and evaporation of the eluate yielded more
orange gum.

Extraction of the gum with boiling petroleum

ether (35-37°) and evaporation of the solvent yielded a
tacky gum.

A portion of the petroleum ether solution

gradually turned a violet color on standing.
The solid from the first chromatography fraction above
was rechromatographed on alumina with benzene as the eluent.
The first fraction yielded a gum on evaporation of the
eluate.

The gum turned solid when stirred in petroleum
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ether (35-37°).

The second fraction gave a red oil which

turned to a gum in petroleum ether (35-37°).

The third

fraction yielded a very small amount of gum, unchanged in
petroleum ether (35-37°).

The above first fraction residue

was rechromatographed as above with benzene as the eluent,
to give a solid m. 140-166°.

Dissolution of the solid in

benzene, followed by the addition of petroleum ether (3537°) precipitated a solid, m„ 178° (decompd.).
A second run refluxed for 9 days yielded a yellow oil
after work-up and chromatography on alumina with benzene
as the eluent.

2) Reaction with sodium iodide in dimethylformamide.
A mixture of 11.0 g (0.013 mole) of 3,3',4,41-tetrakis
(dibromomethyl)biphenyl (LXXXI), 26 g of sodium iodide, and
100 ml. of dry dimethylformamide was heated to 65°.

Iodine

was immediately liberated, and the temperature rose spon
taneously to ca. 90°.
became gelatinous.

After about 10 minutes the solution

After 6 hrs. at 65° the mixture was

poured into one liter of water, and decolorized with sodium
bisulfite.

The solid was removed by filtration, washed

with water, and dried.

The solid was not soluble in

petroleum ether (90-100°), ethanol, ether, or cold benzene,
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but was slightly soluble in hot benzene.

Extraction of the

solid with boiling benzene, followed by chromatography of
the extract on neutral alumina with benzene as the eluent,
and evaporation of the eluate yielded a yellow gum.

The

weight of insoluble brown residue remaining after the ben
zene extraction was 3.8 g.

This solid did not melt up to

360°, and a sodium fusion of the solid, followed by test
ing with silver nitrate gave a positive halide test.
Chromatography of the above yellow gum yielded a gum
again on evaporation of the eluate.

Extraction of the gum

with boiling petroleum ether (35-37°) and evaporation of
the extract yielded a pale yellow solid of no definite
melting point, which shrunk at ca. 64°, turned gummy in
the range of 95-105°.

The infrared spectrum of the product

was quite similar to that of the product from the reaction
run for 60 hrs. in ethanol as above.

Chromatography of the

yellow solid on alumina, with benzene as the eluent, and
evaporation of the eluate, followed by extraction of the
residue with hot petroleum ether (35-37°) yielded a pale
yellow solid on evaporation of the extract.

The solid

shrunk at ca. 41° and melted with foaming over the range
89-120°.
A second run of 2.0 g (2.4 mmole) of 3,3',4,4'-
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tetrakis(dibromomethyl)biphenyl (LXXXI) stirred at room
temperature for 5 h r s „ yielded 0.5 g of starting material
(25%), and an insoluble brown solid,
A third run at room temperature for 43 h r s . gave
similar results,
A fourth run at 52-59° for 6.5 hrs, yielded a solid
which was extracted with benzene, and the resulting yellow
solution was chromatographed on alumina, with benzene as
the eluent.

Evaporation of the eluate and stirring of the

residue with petroleum ether (35-37°) gave a solid which
decomposed with evolution of a violet vapor 197-204°.

The

residue from the original benzene extraction was con
tinuously extracted with petroleum ether (65-67°) for 2.5
days.

Evaporation of the extract yielded only about a

drop of green gum.
A number of similar runs all gave large amounts of
insoluble solids, and small amounts of gum.
A run in a nitrogen atmosphere for 5.5 hrs. at 60-70°
yielded a green solid which gave off a violet vapor at ca.
150° but did not melt up to 350°.

3) Reaction with hot concentrated sulfuric a c i d .
In an experiment similar to the procedure of Jones,
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a mixture of 3.4 g (0.004 mole) of 3 , 3 1 ,4,4'-tetrakis(dibromomethyl)biphenyl (LXXXI) and 15 ml. of concentrated
sulfuric acid was heated on a hot plate.

After 30 min. the

solid had dissolved, with the evolution of a brown gas, to
give a viscous red-brown solution.

The solution was cooled

and poured onto 60 g of cracked ice, and the resulting
solid was removed by filtration after the ice had melted.
The solid was washed with water and dried.

The solid

shrunk at ca. 78°, and melted with foaming over the range
170-200°.

The infrared spectrum of the solid showed a

carbonyl peak, and a sodium fusion of the solid, followed
by testing with silver nitrate gave a negative halide test.
The solid was difficult to purify.

A portion of the solid

was dissolved in dioxane, and the dioxane solution was
reacted with 2 ,4-dinitrophenylhydrazine reagent to give an
orange precipitate m. 280-290°.

The orange solid could

not be recrystallized to give a satisfactory analytical
sample.
The original solid was insoluble in ether, petroleum
ether, and benzene; slightly soluble in hot ethanol; soluble
in dioxane and dimethylformamide.

Dissolution of the solid

in dioxane, followed by stirring of the solution with de
colorizing charcoal^ filtration, and reprecipitation by
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the addition of water to the filtrate, was repeated twice„
No satisfactory product was obtained.

The solid did not

sublime.
A second run of 5.1 g (0.006 mole) of 3 , 3 ’,4,4'tetrakis(dibromomethyl)biphenyl (LXXXI) gave 1.0 g of
yellow solid which began to shrink at ca. 180°, turned
dark at 193°, and melted with foaming at ca. 223.5°.

The

infrared spectrum of the solid was the same as that of the
product from the first run.

Reaction of a portion of the

solid, dissolved in dioxane, with a dioxane solution of
2 ,4 -dinitrohydrazine and a few drops of concentrated hydro

chloric acid gave an orange solid m. 280-290° (decompd.).
Again no satisfactory product was obtained.

4) Reaction with fuming sulfuric a c i d .
A mixture of 2.5 g (0.003 mole) of 3,3',4,4'-tetra
kis (dibromomethyl)biphenyl (LXXXI) and 15 ml. of fuming
sulfuric acid was allowed to stand at 0° for one hour.

The

resulting mixture was placed in a refrigerator for 24 h r s .,
and the dark solution was poured onto cracked ice.

The

solid was removed by filtration after all of the ice had
melted.

A portion of the solid did not react with acetic

anhydride to form an isolable product.

A second portion
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of the solid dissolved in ethanol reacted with 2 ,4 -dinitrophenylhydrazine reagent to form a yellow precipitate m„
118-123.5°.

An infrared spectrum of the yellow solid showed

no carbonyl peak.

The yellow solid could not be recrystal

lized, but was washed well with ethanol.

The solid did

not give a satisfactory analysis for the 2 ,4-dinitrophenylhydrazone of 4,4'-biphthalaldehyde.
A n a l . Calcd.

for C 40 H 26 N 1 6 : C,48.68; H,2.64; N,22.71.
Found: C,45.59; H,4.39; N,23.09.

The original solid did not melt, but appeared to
gradually char.

The infrared spectrum of the solid showed

a carbonyl peak.
A second run at room temperature for 19.5 h r s . in
fuming sulfuric acid gave a solid which was extracted with
boiling ethanol, and 2 ,4-dinitrophenylhydrazine reagent
was added to the ethanol solution to yield an orange solid
m. 242.5-245° (decompd.).

d. Fyrolyses of 5 , 5 1-Bi(l,3-dihydrobenzo[c]thiophene-2,2-dioxide) (XCIII).
1) With maleic anhydride (XXXV).
In accordance with the procedure of Cava and D e a n a , ^
a mixture of 0.50 g (0.0015 mole) of 5, 5 1-bi(l,3-dihydrobenzo[c]thiophene 2,2-dioxide)

(XCIII) and 0.42 g (0.0042
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mole) of maleic anhydride (XXXV) was heated at 250-260°
for 15 m i n . , then the temperature was raised to 300° and
maintained for an additional 15 min„
composed with foaming„

The mixture d e 

The cooled residue was extracted

with benzene, and the extract was chromatographed on
neutral alumina with ether as the eluting solvent.

Eva

poration of the eluate yielded no product.
The brown residue remaining after the benzene extrac
tion was heated in nitrobenzene and filtered hot.

No solid

separated on cooling of the filtrate.
The remaining nitrobenzene-insoluble solid was boiled
in ethanol and filtered hot.

Evaporation of the ethanol

yielded no product.
The residue remaining after all of the extractions
was dissolved in 3M potassium hydroxide solution, and the
mixture was filtered.

Acidification of the filtrate with

6 N hydrochloric acid gave essentially no product.

The product of the pyrolysis reaction was an amorphous
solid which was insoluble in the above solvents,

2) With maleic anhydride (XXXV) in diethyl phthalate.
In a procedure similar to that of Cava and Shirley,
a mixture of 0,50 g (0,0015 mole) of 5,5'-bi(l,3-dihydro-
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benzo[c)thiophene-2,2-dioxide)

(XCIII), 0.41 g (0.0042

mole) of maleic anhydride (XXXV)s and 25 ml. of diethyl
phthalate was boiled until the sulfone dissolved with
bubbling.

The resulting mixture was concentrated by dis

tillation

of 20

ml.ofsolvent,and the residue was cooled.

The solid

which

formed was isolated by heating the residue

with nitrobenzene,

filtration of the mixture, and tritura

tion of the solid with hot chloroform,

The solid was then

dissolved in dilute sodium hydroxide solution, and the
solution was filtered.

Acidification of the filtrate with

dilute hydrochloric acid gave a white solid which was
filtered and dried, m. 334-340°.

The solid was redissolved

in sodium hydroxide solution, the basic solution stirred
with charcoal, and filtered.

Acidification of the filtrate

with dilute hydrochloric acid gave a white solid m. 337347°.

Solution of the solid in ethanol and reprecipitation

by the addition of water gave a solid m. 345-348°, yield
0.327 g.

An infrared spectrum of the solid showed a carbonyl

peak at 1680 cm“^.

The solid did not give a satisfactory

analysis for the expected Diels-Alder adduct, and no further
investigation was carried out.
A n a l . Calcd. forC 24 H 22 O g :

C,65.75; H, 5.02; 0, 29.22.

Found: C,60.21; H, 5.25; 0, 26.48.
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3)

With 1,4-naphthoquinone (XLVI),

In a procedure similar to that of part 1, above, a
mixture of 0.50 g (0,0015 mole) of 5,5'~bi(l,3-dihydrobenzo[c)thiophene-2,2-dioxide)

(XCIII) and 0.67 g (0.0042

mole) of 1,4-naphthoquinone (XLVI) was heated for five
minutes at 240-260°.

A solid began to sublime (1,4-naph

thoquinone (LXVI) sublimes at 100°),

The temperature was

then raised to 300° and maintained for 30 min.
decomposed with foaming.
dark glass.

The mixture

Cooling of the residue gave a

The residue was extracted with boiling benzene

to give a green solution and a brown insoluble residue.
The benzene solution was chromatographed on neutral alumina,
eluted with first benzene, then ether, finally methylene
chloride.

Evaporation of the eluates gave:

from benzene-

no product; from ether- some orange gum; from methylene
chloride- orange gum.

4) With 1,4-naphthoquinone (XLVI) in diethyl phthalate.
Similar to the procedure used in part 2, above, a
mixture of 0.50 g (0.0015 mole) of 5,5'-bi(1,3-dihydrobenzo[c]thiophene-2,2-dioxide)

(LXCIII), 0.65 g (0.004

mole) of 1,4-naphthoquinone (XLVI), and 25 ml. of diethyl
phthalate was heated to boiling.

The solid sulfone dissolved
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with bubbling to give an orange solution.

The solution was

distilled until 20 ml. of distillate had been collected,
and the residue was cooled and filtered.

A dark solid was

obtained which was washed with benzene and dried.

The

solid was extracted with methylene chloride, and the methy
lene chloride extract was chromatographed on neutral
alumina, with methylene chloride as the eluting solvent.
Evaporation of the eluate gave a yellow-green residue which
could not be satisfactorily purified.

5 ) Pyrolysis under nitrogen at reduced pressure.
A sample of 3.06 g (0.009 mole) of 5,5'~bi(l,3-dihydrobenzo[c]thiophene-2,2-dioxide)

(XCIII) was heated at 260-

350° for one hour at reduced pressure (water aspirator) in
a stream of nitrogen in an apparatus connected to a trap
cooled with dry ice.

The mixture was then heated for an

additional 15 minutes with no nitrogen flow, and cooled.
No distillate was obtained in the dry ice trap.

The residue

from the pyrolysis was extracted with hot petroleum ether
(90-100°), followed by hot benzene, then hot acetone.
Evaporation of the solvents from the extracts gave essen
tially no residue.
melt up to 410°.

The remaining insoluble solid did not
The weight of the residue was 1.72 g
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(91.0%, if all of the sulfur dioxide were expelled from
the starting sulfone.)

6 ) Pyrolysis in diethyl phthalate,

A mixture of 2.00 g (0.006 mole) of 5,5*~bi(1,3dihydrobenzo[c]thiophene-2,2-dioxide)

(XCIII) and 35 ml„

of diethyl phthalate was heated to 293° (Wood's metal
bath) over a period of 60 min,
the boiling solvent.

The solid dissolved in

The resulting solution was filtered

and saponified with 200 ml. of 3M sodium hydroxide solution,
The mixture was extracted with 200 ml. of benzene, then
three times with a total of 400 ml. of chloroform.

The

extracts were washed with water, dried over anhydrous
magnesium sulfate, and the solvents evaporated.

The small

amount of solids which resulted gave infrared spectra
which were similar to that of the starting sulfone.

The

resulting basic solution remaining after extraction was
filtered to give some solid.

The solid was dissolved in

dimethylformamide and reprecipitated by the addition of
water.

The solid gave an infrared spectrum which was the

same as that of the starting material, yield 0.90 g.
pyrolysis was incomplete.

The

Apparently diethyl phthalate

(b. 296°) cannot be heated to a temperature at which the
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sulfone will readily decompose„

7) Sublimation under vacuum.
On a hot plate at a temperature above 293°, the melt
ing point of

6 ,6 '— bi(N-pheny1-2,3-naphthalenedicarboximide)

(XCIV), was heated 2„00

g (6.0 mmole) of 5 , 5 1-bi(l,3-di-

hydrobenzo(c)thiophene-2,2-dioxide)

(XCIII) at 0.35 mm.

The sublimate was collected on a cold finger which was
cooled with dry ice in trichloroethylene.

The mixture was

heated for 30 min., then allowed to stand at 0.35 mm. with
out heating for an additional 15 mi n u t e s .

The sublimate

was dissolved in dimethylformamide, the solution was con
centrated, and water was added to the concentrate.

The

resulting white solid was removed by filtration, washed
with water, and dried, m. 290° with foaming, yield 290 mg.
Extraction of the residue from the sublimation with di
methylformamide and treatment as with the sublimate, gave
690 mg of solid m. 305° with foaming (starting material
decomposes with foaming at 310°),

The infrared spectra

of the sublimate and of the solid obtained from the residue
were the same as that of the starting material.
maining insoluble solid did not melt up to 410°„
pyrolysis was incomplete.

The re
The

The insoluble solid residue
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was contaminated with starting material.
A n a l . Calcd. for C-^

C,93.20; H, 6.80.

Found: c, 86.11; H, 6.01.

8 ) Pyrolysis in dibutyl phthalate.

A mixture of 1.5 g (4.5 mmole) of 5,5'-bi(l,3-dihydrobenzo(c]thiophene-2,2-dioxide)

(XCIII) and 75 ml. of di

butyl phthalate was heated at 290-310° (Wood's metal bath)
for 1.5 h r s . The odor of sulfur dioxide was noted emanat
ing from the

top of the condenser, and a moist blue litmus

paper held at the top of the condenser turned red.

The

mixture was then boiled for an additional 1.25 hrs., and
the resulting mixture was filtered hot.
as the solution cooled.

A solid separated

Recrystallization of the solid

from petroleum ether (90-100°) gave white needles melting
at 128.5-131.5° (phthalic anhydride melts at 130.8°).

The

infrared spectrum of the solid was the same as that of
phthalic anhydride found in Sadtler.

The butyl phthalate

mixture, including the phthalic anhydride, was heated in
10 % ethanolic sodium hydroxide,

was filtered.

and the resulting mixture

The filtrate was concentrated by distillation,

and water was added to the residue.

The sodium phthalate,

which was filtered out of the ethanolic solution above,
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was also dissolved in water.

A yellow water-insoluble

was obtained.

removed by filtration, washed

The solid was

with water, and dried.

solid

The yellow solid was extracted with

carbon tetrachloride and chromatographed on neutral alumina
with ether as the eluting solvent.

Evaporation of the

eluate gave a small amount of yellow solid with no definite
melting point.

The analysis did not agree with the values

calculated for the expected
A n a l . Calcd.

for C^g **i4:
Found:

product.
C » 93.20;

H, 6.80.

C, 80.53;

H, 6.96.

The solid remaining after carbon tetrachloride ex
traction was extracted with dioxane.

Evaporation of the

dioxane yielded a yellow solid which was triturated with
ether and filtered.

The solid did not melt up to 410°.

A second run as above with 2.0 g (6.0 mmole) of 5,5'bi(l,3-dihydrobenzo[c)thiophene-2,2-dioxide)

(XCIII) in

100 ml. of dibutyl phthalate boiled for 1.25 hrs., then
saponified with a solution of 40 g of sodium hydroxide
in 500 ml. of water and 150 ml. of ethanol, gave a yellow
solid product.

Extraction of the solid with carbon tetra

chloride and chromatography on neutral alumina with ether
and then chloroform as the eluent, gave a yellow solid
as above from the ether eluate, and an orange solid from
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the chloroform eluate did not agree with the values cal
culated for the expected product.
Anal.

Calcd.forC

Extraction with

C

,

93.20;

H, 6.80.

Found*.

C, 84.72;

H, 6.83.

dioxane

of the solid remaining after

the carbon tetrachloride extraction, and chromatography on
neutral alumina with dioxane as the eluent, gave a yellow
solid on evaporation of the solvent from the eluate.
The analysis of the yellow solid was similar to that
of the solid from the chloroform extraction.
A n a l . Calcd. for

H^ 4 :
Found:

c > 93.20; H, 6.80.
C, 83.31;

H, 6.62.

9) Pyrolysis with copper powder.
A mixture of 1.5 g (4.5 mmole) of 5,5'-bi(1,3 ‘dihydrobenzo(c ]thiophene-2,2-dioxide)

(XCIII) and 3 g of copper

powder was heated at ca. 400°, under nitrogen, at reduced
pressure (water aspirator),

for 15 min.

The mixture was

then heated at atmospheric pressure under nitrogen for an
additional two hours.

A small amount of yellow material

was deposited at the top of the reaction flask.

Extraction

of this yellow material with acetone, and evaporation of
the acetone gave some yellow gum, the infrared spectrum
of which was similar to that of the yellow solids obtained
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above with the pyrolysis in dibutyl phthalate.

10) Pyrolysis at 500°.
In a sand bath heated to ca. 500° (iron-constantin
thermocouple) was pyrolyzed 1.5 g (4.5 mmole)5,5 1-bi(l,3-dihydrobenzo(c]thiophene-2,2-dioxide)
heated for ca. one hour.

(XCIII).

The solid was

A small amount of yellow material

collected at the top of the reaction flask, while the resi
due in the flask charred.
with acetone.

The yellow material was extracted

Evaporation of the acetone gave some yellow

gum which showed an infrared spectrum similar to that ob
tained in the pyrolysis with copper powder.

C . Miscellaneous Reactions.

1.

Iodination of

,£^xylene (XXIII).

In a one-liter three-necked flask equipped with a
condenser and dropping funnel was placed 361.0 g (1.02 moles)
of iodine (ground to a powder) and 361.3 ml.
moles) of £-xylene (XXIII).

(318 g; 3.0

The mixture was shaken, and

176 ml. of concentrated nitric acid was added in portions
over a period of 15 min.

The mixture was heated with a

sand bath at ca. 125°, and a brown gas was noted evolving
from the reaction flask.

The reaction flask was cooled
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intermittently to keep the reaction from proceeding too
violently.

After a total reaction time of three hours, the

liquid was decanted from the remaining solid.

The solution

was decolorized with sodium bisulfite solution and steam
distilled.

The distillate was washed with sodium bisulfite

solution, 57, sodium hydroxide solution, and water, then
dried over anhydrous magnesium sulfate.

The oil was dis

tilled to give a fraction b. 139-142.5° (o_-xylene) and
51.5 g (10.8%) of 4-iodo-o-xylene (LXXIII) b. 223-237°
(Lit:^^

4 ~iodo-£-xylene b. 225°).

A second run heated for 5 hrs. with a total of 190 ml.
of concentrated nitric acid again yielded £~xylene (XXIII)
and 83.5 g (17.67.) of 4-iodo-£-xylene (LXXIII).
A number of similar runs with varying amounts of iodine
and £-xylene (XXIII) resulted in yields of 15-297. of 4-iodo~
£-xylene (LXIII) for reaction; times of up to 8.5 hours.

2. Preparation of CL , CL , d
xylene (X)

' , CL 1-tetrabromo-£-

In order to obtain a nuclear magnetic resonance spec
trum of Cl , &

, Cl 1, CL 1-tetrabromo-o-xylene (X) in dimethyl

sulfoxide, a small amount of this compound was prepared,

A

mixture of 2.6 g (2.9 ml.; 0.024 mole) of £-xylene (XXIII),
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16.4 g (0.096 mole) of N-bromosuccinimide, 28 ml. of carbon
tetrachloride, and a trace of benzoyl peroxide was refluxed
overnight.

The resulting mixture was filtered hot to re

move succinimide, and the filtrate was evaporated.

The

residue was recrystallized twice from chloroform to give
white crystals m. 111.5-116.5° (Lit.:(4) 115-116°).

The

infrared spectrum of the solid was the same as that of
CL , CL , CL 1, Cl 1-tetrabromo-£-xylene (X) found in the
Sadtler Standard Spectra. No. 20546.

Sadtler Research

Laboratories, Philadelphia, Pa. 1962.
The nuclear magnetic resonance spectrum of

CL , CL ,

d ', CL 1-tetrabromo-o_-xylene (X) in dimethylsulfoxide
(Fig. 23) showed a complex absorption pattern a t T 2 . 3 2.6 (Ar-H) with a sharp peak at T 2.15 (may be -CH).

3. Attempted Bromination of 4-iodo-o-xylene (LXXIII)
(3 ,4-dimethyliodobenzene) with bromine and ultra
violet light.
The procedure for the preparation of
& '- t e t r a b r o m o - £ - x y l e n e ^ by the reaction'of £-xylene
with bromine was used in the following experiment.
In a three-liter three-necked flask equipped with a
mechanical stirrer, thermometer, pressure equilibrium
dropping funnel, reflux condenser, and gas trap was heated
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117.9 g (0.505 mole) of 4-iodo-o-xylene (LXXIII) at 120°.
The iodoxylene was illuminated with an ultraviolet lamp,
and 55.2 ml.

(162 g; 1.01 mole) of bromine was added drop-

wise over a period of 2.5 hrs., with stirring.

After the

addition was completed, the temperature of the mixture was
slowly raised to 175°, and an additional 55.2 ml. of
bromine was added over another two hours.

The resulting

mixture was stirred at 175° with ultraviolet illumination
for another hour, then allowed to stand at room temperature
exposed to the atmosphere overnight.
obtained as a result of this reaction.

A charred mass was
Extraction of the

residue with chloroform, and evaporation of the extract
yielded no product.
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SUMMARY

The preparation and pyrolysis of 5,5'-bi(l,3-dihydrobenzo[c]thiophene-2,2-dioxide) has been investigated in
this work.

A number of new compounds have been prepared

in the synthesis of 5,5'-bi(l,3-dihydrobenzo(c]thiophene2,2-dioxide) from 3,3',4,41-tetramethylbiphenyl, as well
as in some synthetic work done with 2,2',3,3'-tetramethyl
biphenyl and 3,3',4,4'-benzophenonetetracarboxylic dian
hydride .
Pyrolysis of 5,5'-bi(l,3-dihydrobenzo[c]thiophene-2,2~
dioxide) in the presence of dienophiles resulted in the
formation of Diels-Ald.er adducts, showing the formation of
an unisolable orthoquinoid species as a result of this
pyrolysis.

Pyrolysis of 5 , 5 1-bi(l,3-dihydrobenzo[c)thio-

phene-2,2-dioxide) itself in the molten state yielded
only a polymeric residue.
The nuclear magnetic resonance spectra of some bromo
derivatives of 2,2',3,31-tetramethylbiphenyl show that
rotation about the phenyl-phenyl bond in these compounds
is sterically hindered.

An attempt was made to determine

the magnitude of the energy barriers to this rotation.
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This steric hindrance explains the resistance of the ortho,
ortho'-methyl groups of 2,2',3,31-tetramethylbiphenyl to
substitution of more than one bromine atom in the bromination with N-bromosuccinimide.
The following compounds synthesized in this work have
not been reported in the literature:
1.

2 , 2 1,3,3'-Tetrakis(bromomethyl)biphenyl (LXXVIII).

2.

3 , 3 1,4,4'-Tetrakis(bromomethyl)biphenyl (LXXX).

3.

2,2'-Bis(bromomethyl)-3,3*-bis(dibromomethyl)
biphenyl (LXXXI).

4.

3,3',4,4'-Tetrakis(dibromomethyl)biphenyl (LXXXI),

5.

3,3',4,41-Tetrakis(acetoxymethyl)biphenyl (LXVIII).

6.

3 , 3 ’,4,4'-Tetrakis(hydroxymethyl)biphenyl (XCIX).

7.

5, 5 '-Bi(l,3-dihydrobenzo(c]thiophene (XCI).

8.

5,5'-Bi(l,3-dihydrobenzo[c]thiophene~2,2-dioxide)
(XCIII).

9.

6,6'-Bi(N-phenyl-2,3-napthalenedicarboximide)
(XCIV).

10.

2,2'-Bi(ll,12,15,16-tetrahydronaphthacenequinone)
(XCV).

The compounds 3 , 3 1,4,4'-tetrakiscarbomethoxybenzophenone (LXII), 3, 3 14,4'-tetrakiscarbomethoxybenzhydrol
(LXX), and 3 , 3 1,4,4'-tetrakis(hydroxymethyl)benzhydrol
(LXXI) have been reported by the author.
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A.

Fig. 1.

Fig. 2.

Fig. 3.

INFRARED SPECTRA

3,3',4,4'-Benzophenonetetracarboxylic
Dianhydride (LXI)
(KBr).

3,3',4,4'-Tetrakiscarbomethoxybenzophenone
(LXII)
(KBr)„

3,3',4,4'-Tetrakiscarbomethoxybenzhydrol
(LXX)
(neat, film between NaCl plates).
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A.

Fig. 4.

Fig. 5.

Fig. 6.

INFRARED SPECTRA

3,3',4,4'-Tetrakis(hydroxymethyl)benzhydrol
(LXXI)
(KBr).

2 , 2 ’,3,3'-Tetramethylbiphenyl (LXXVII)

(KBr).

3,3',4,4'-Tetramethylbiphenyl (LXXIV)

(KBr).
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A.

Fig.

7.

INFRARED SPECTRA

2,2',3,3'-Tetrakis(bromomethyl)biphenyl
(LXXVIII)
(KBr).

Fig. 8.

3,3',4,41-Tetrakis(bromomethyl)biphenyl
(LXXX)
(KBr).

Fig. 9.

2 , 2 ,-Bis(bromomethyl)-3,3'-bis(dibromomethyl)biphenyl (LXXXII)
(KBr).
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A.

Fig.

10.

INFRARED SPECTRA

3,3',4,4'-Tetrakis(dibromomethyl)biphenyl
(LXXXI)
(KBr).

Fig.

11.

5,5'-Bi(l,3-dihydrobenzo[c]thiophene)
(XCI)
(KBr).

Fig.

12.

5 , 5 '-Bi(l,3-dihydrobenzo(c]thiophene-2,2dioxide)
(XCIII)
(KBr).
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A.

Fig. 13.

INFRARED SPECTRA

6,6'-Bi(N-phenyl-2,3-naphthalenedicarboximide)
(XCIV)
(KBr).

Fig. 14.

2,2'-Bi(ll,12,15,16-tetrahydronaphthacenequinone) (XCV)
(KBr).

Fig.

3,3',4,4'-Tetrakis(acetoxymethyl)biphenyl
(XCVIII)
(KBr).

15.
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A.

Fig.

16.

INFRARED SPECTRA

3,3',4,4'-Tetrakis(hydroxymethyl)biphenyl
(XCIX)
(KBr).
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B.

Fig. 17.

Fig. 18.

Fig.

19.

NUCLEAR MAGNETIC RESONANCE SPECTRA

2 , 2 1,3,31-Tetramethylbiphenyl (LXXVII).
Carbon tetrachloride solution, room
temperature, 500 cps.

3,3',4,4'-Tetramethylbiphenyl (LXXIV).
Carbon tetrachloride solution, room
tempera ture, 500 c p s .

CL, CL 1-Dibromo-o-xylene (IV).

Dimethylsulfoxide solution, room temperature,
500 cps.
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Fig. 17

Fig. 18

Fig. 19
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Fig. 20.

Fig. 21.

Fig. 22.

NUCLEAR MAGNETIC RESONANCE SPECTRA

2,2',3,3'-Tetrakis(bromomethyl)biphenyl
(LXXVIII).
Carbon tetrachloride
solution, 50°C, 500 cps.

2,2'3,31-Tetrakis(bromomethyl)biphenyl
(LXXVIII).
Dimethylsulfoxide solution,
room temperature, 500 cps.

3,3*,4,4'-Tetrakis(bromomethyl)biphenyl
(LXXX).
Dimethylsulfoxide solution,
room temperature, 1000 cps.
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Fig. 23.

Fig. 24.

Fig. 25.

NUCLEAR MAGNETIC RESONANCE SPECTRA

a> a Jct ', a

'-Tetrabromo-o-xylene
Dimethylsulfoxide solution, room
temperature, 500 cps.

(X)

2,2'-Bis(bromomethyl)-3,3'-bis(dibromomethyl)biphenyl (LXXXII).
Carbon tetra
chloride solution, 50° C, 500 cps.

3,3',4,4'-Tetrakis(dibromomethyl)biphenyl
(LXXXI).
Dimethylsulfoxide solution,
room temperature, 500 cps.
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Fig. 26.

Fig. 27.

Fig.

28.

NUCLEAR M AG NETIC RESONANCE SPECTRA

5 , 5 '-BiCljS-dihydrobenzotcJthiophene)
(XCI).
Carbon disulfide solution, room
temperature, 500 cps.

Product from reaction of sodium sulfide
with 2,2',3,31-tetrakis(bromomethyl)biphenyl (LXXVIII).
Carbon disulfide
solution, room temperature, 500 cps.

6,6 '-?Bi(N-phenyl-2,3-naphthalenedicarboximide) (XCIV).
Trifluoroacetic acid
solution, room temperature, 1000 cps.
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Fig. 29

NUCLEAR M AG NETIC RESONANCE SPECTRA

2,2'-Bi(11,12,15,16-tetrahydronaphthacenequinone) (XCV).
Trifluoroacetic
acid solution, room temperature, 500 cps.
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Fig. 30.

NUCLEAR M AG NETIC RESONANCE SPECTRA

Coalescence of the AB quartet due to the
2 , 2 '-methylene protons of 2,2',3,3'tetrakis(bromomethyl)biphenyl (LXXVIII).
Dimethylformamide solution, 500 cps.
Center of quartet at T 5.48.

(a) 26.5°

(e) 122°

(b) 61°

(f) 127.5°

(c) 85°

(g) 128.5°
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Fig. 30
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Fig. 31.

NUCLEAR MAGNETIC RESONANCE SPECTRA

Coalescence of the AB quartet due to the
2 , 2 '-methylene protons of 2,2'-bis(bromomethyl)-3,3'-bis(dibromomethyl)biphenyl
(LXXXII).
Dimethylformamide solution,
500 cps.
Center of quartet at T 5.46.

(a) 27°

(e) 106°

(b) 41°

(f) 118°

(c) 61°

(g) 137°
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Fig. 32.

ARRHENIUS PLOTS

Arrhenius plots for 2 ,2',3,3'-tetrakis(bromomethyl)biphenyl (LXXVIII) and
2,2*-bis(bromomethyl)-3,31-bis(dibromomethyl)biphenyl (LXXXII) in dimethyl
formamide.
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ABSTRACT

In this work an attempt was made to synthesize a species
containing two benzocyclobutenyl groups in one molecule.
It would be of interest to compare the properties and
reactivity of such a compound and its precursors with those
of benzocyclobutene itself, and its precursors.

A number

of substituted benzocyclobutenes have been synthesized,
including benzo(l,2:4,5]dicyclobutene with two fused fourmembered rings.

No compound has been reported, however,

with two benzocyclobutenyl groups in one molecule.
The compounds 2,2',3,3'-tetramethylbiphenyl and 3,3 ',4,4*tetramethylbiphenyl were used as starting materials.

The

synthetic routes explored were as follows:
(1)

Conversion of the tetramethylbiphenyl com
pounds to (X -bromo-compounds, followed by
reaction with sodium iodide.

(2)

Reaction of the Cl -bromo-compounds with
sodium sulfide followed by peracetic acid
oxidation of the sulfide to yield a
sulfone, which was pyrolyzed.

Both 2,3- and 3,4-dimethylaniline were diazotized with
nitrous acid and then reacted with potassium iodide to yield,
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respectively, 2,3- and 3,4-dimethyliodobenzene.

The coupling

of 2,3- and 3,4-dimethyliodobenzene by reaction with copper
powder at ca. 300° gave 2 , 2 ’,3,3'- and 3,3',4,4'-tetra
methylbiphenyl.

Bromination of 2,2',3,3'- and 3,3*,4,4 '-

tetramethylbiphenyl with a 4:1 molar ratio of N-bromosuccinimide:
tetramethylbiphenyl in carbon tetrachloride, benzoyl peroxide
initiator, yielded 2,2',3,3'- and 3,3',4,4'- tetrakis(bromomethyl)biphenyl.

The reaction of 3,3',4,4'-tetramethylbiphenyl

with an 8:1 molar ratio of N-bromosuccinimide:tetramethyl
biphenyl in carbon tetrachloride, benzoyl peroxide initiator,
gave 3,3',4,4'-tetrakis(dibromomethyl)biphenyl.

Bromination

of 2,2',3,3'-tetramethylbiphenyl with 7:1, 8:1, 9:1, 12:1,
and 13:1 molar ratios of N-bromosuccinimide:tetramethylbi
phenyl all gave 2 , 2 '-bis(bromomethyl)-3,3'-bis(dibromomethyl)biphenyl,
The reaction of 3,3',4,4'-tetrakis(bromomethyl)biphenyl
with sodium sulfide in ethanol yielded 5 , 5 '-bi(l,3-dihydrobenzo[c)thiophene), which on peracetic acid oxidation gave
5,5' -bi(l,3-dihydrobenzo[c]thiophene-2,2-dioxide).

Trapping

of the intermediate from the pyrolysis in the molten state of
5 , 5 '-bi(l,3-dihydrobenzo[c]thiophene-2,2-dioxide) with (a)
N-phenylmaleimide and (b) 1,4-naphthoquinone yielded 6,6'-
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bi(N-phenyl-2,3-naphthalenedicarboximide) and 2 , 2 1-bi(11,12,
15,16-tetrahydronaphthacenequinone) respectively.

Pyrolysis

of 5 , 5 '-bi(l,3-dihydrobenzo(c]thiophene-2,2-dioxide) itself
in the molten state at 325-400° gave a polymeric residue.
The reaction of 2,2',3,3'-tetrakis(bromomethyl)biphenyl
with sodium sulfide in ethanol yielded a product which was
difficult to purify, but the elemental analysis of the crude
product along with the nuclear magnetic resonance spectrum
point to the possibility that the product may be 4,4'-bi(l,3dihydrobenzo[c ]thiophene).
The reaction of 3,3',4,41-tetrakis(bromomethyl)biphenyl
with silver acetate in glacial acetic acid yielded 3,3',4,4'tetrakis(acetoxymethyl)biphenyl, which was saponified with
potassium hydroxide in ethanol to give 3,3',4,41-tetrakis(hydroxymethyl)biphenyl.
The reaction of 3 , 3 1,4,41-tetrakis(dibromomethyl)biphenyl
with sodium iodide in dimethyIformamide did not lead to the
formation of the expected product., 4,4'-biCl^-dibromobenzocyclobutene) .
Both 2 , 2 1,3,3'-tetrakis(bromomethyl)biphenyl and 2,2'bis(bromomethyl)-3,3'-bis(dibromomethyl)biphenyl were found to
be nonplanar molecules from an examination of the nuclear
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magnetic resonance spectra of the compounds.

The ortho,

o r t h o '-methylene protons of these compounds were found to be
magnetically non-equivalent and gave rise to spectra exhi
biting AB quartets at room temperature.

As the temperature

of the solutions of these compounds was raised, the quartets
coalesced to A 2 singlets, showing that the magnetic non
equivalence of the methylene protons was the result of
hindered rotation about the phenyl-phenyl bond.

An attempt

at the determination of the energy barrier to rotation about
the phenyl-phenyl bond gave a value of 13.4j<).3 Kcal./mole
for 2,2',3,3'-tetrakis(bromomethyl)biphenyl.
It has been concluded that the N-bromosuccinimide
bromination of the ortho, o r t h o '-methyl groups in 2,2',3,3'tetramethylbiphenyl leads to substitution of no more than
one bromine atom because of steric effects due to the non
coplanarity of the phenyl rings.

Although an orthoquinoid

intermediate from the pyrolysis of 5 , 5 1-bi(l,3-dihydrobenzo
[c]thiophene-2,2-dioxide) was trapped with dienophiles, this
intermediate reacted intermolecularly to form polymeric
material rather than intramolecularly to form 4,4'-bibenzocyclobutene.
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The reaction of 3,3',4,4'-benzophenonetetracarboxylic
dianhydride with methanol, chlorosulfonic acid catalyst,
yielded 3,3',4,41-tetrakiscarbomethoxybenzophenone, which
was reduced with sodium borohydride in methanol to give
3,3',4,41-tetrakiscarbomethoxybenzhydrol, and with lithium
aluminum hydride in tetrahydrofuran to give 3 , 3 f,4,4'tetrakis(hydroxymethyl)benzhydroll,

Attempts at the

formation of a ketal of 3 , 3 1,4,4'-tetrakiscarbomethoxybenzophenone were unsuccessful„
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